Micromechanical finite element modelling of thermo-mechanical fatigue for P91 steels by Li, Dong-Feng et al.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
%.(320*(-'1.('/ !1.5* */*0*15 02)*//.1, 2+ 5-*302"0*(-'1.('/
+'5.,6* +23 &$# 45**/4
Aiha-C_ha Ic+",, Oc]b[l^ >., ?[ll_nn,, M[^l[c] B. L(Aihiabo_-, @blcm G. Es^_., Ki_f M.
L(Aiq^/, P_[h ?. I__h,""
!0M>AP>OB ;@EKKH! 1>M?FJ 2JNOFOPOB KC <B@EJKHKDS! ;EBJTEBJ &#("&&! ,EFJ>
"6B@E>JF@>H .JDFJBBMFJD! ,KHHBDB KC .JDFJBBMFJD >JA 2JCKMI>OF@N! 7=2 0>HR>S! 2MBH>JA
#,FQFH .JDFJBBMFJD! ,KHHBDB KC .JDFJBBMFJD >JA 2JCKMI>OF@N! 7=2 0>HR>S! 2MBH>JA
$-BL>MOIBJO KC 6B@E>JF@>H! 6>OBMF>HN >JA 6>JPC>@OPMFJD .JDFJBBMFJD! =JFQBMNFOS KC 7KOOFJDE>I!
7KOOFJDE>I 70' $9-! =4
%-BL>MOIBJO KC 6B@E>JF@>H! *BMKJ>POF@>H >JA +FKIBAF@>H .JDFJBBMFJD! 6>OBMF>HN >JA ;PMC>@B ;@FBJ@B
2JNOFOPOB! =JFQBMNFOS KC 5FIBMF@G! 2MBH>JA
6QbcaPRc
Fh nbcm j[j_l, nb_ ]s]fc] jf[mnc]cns [h^ `[ncao_ ]l[]e chcnc[ncih \_b[pciol i` [ n_gj_l_^ g[ln_h-
mcnc] `_llcnc] mn__f oh^_l nb_lgi-g_]b[hc][f `[ncao_ ]ih^cncihm cm _r[gch_^ \s g_[hm i` gc-
]lig_]b[hc][f "hcn_ _f_g_hn gi^_ffcha. Qb_ ]lsmn[f jf[mnc]cns \[m_^ gi^_f _rjfc]cnfs l_#_]nm
nb_ gc]limnlo]nol_ i` nb_ g[n_lc[f, g_[mol_^ \s _f_]nlihc] \[]em][nn_l ^c!l[]ncih. Qb_ jl_-
^c]n_^ ]s]fc] nb_lgi-g_]b[hc][f l_mjihm_ [al__m q_ff qcnb _rj_lcg_hnm oh^_l \inb ch-jb[m_
[h^ ion-i`-jb[m_ ]ih^cncihm. > nb_lgi-g_]b[hc][f `[ncao_ ch^c][nil j[l[g_n_l, qcnb mnl_mm
nlc[rc[fcns [h^ n_gj_l[nol_ n[e_h chni []]iohn, cm ^_p_fij_^ ni jl_^c]n `[ncao_ ]l[]e chcnc[ncih.
Fh nb_ `[ncao_ ]l[]e chcnc[ncih mcgof[ncih, nb_ ion-i`-jb[m_ nb_lgi-g_]b[hc][f l_mjihm_ cm c-
^_hnc"_^ ni \_ gil_ ^[ha_liom nb[h ch-jb[m_ l_mjihm_, qbc]b cm ]ihmcmn_hn qcnb _rj_lcg_hn[f
`[cfol_ ^[n[. Fn cm mbiqh nb[n nb_ \_b[pciol i` nb_lgi-g_]b[hc][f `[ncao_ ][h \_ _!_]ncp_-
fs jl_^c]n_^ [n nb_ gc]limnlo]nol[f f_p_f [h^ nbcm ][h f_[^ ni [ gil_ []]ol[n_ [mm_mmg_hn
jli]_^ol_ `il jiq_l jf[hn ]igjih_hnm.
,5GF?A4B) Q_gj_l_^ g[ln_hmcn_ `_llcnc] mn__fm< Qb_lgi-g_]b[hc][f `[ncao_< @lsmn[f
jf[mnc]cns< C[ncao_ ]l[]e chcnc[ncih< Cchcn_ _f_g_hn< Miq_l jf[hn ]igjih_hnm
+) ?]ca^SdRcX^]
Fh nb_ j[mn ^_][^_, nb_ ^_p_fijg_hn i` gc]limnlo]nol[f-m_hmcncp_ gi^_ffcha n_]bhcko_m b[m
cgjlip_^ nb_ oh^_lmn[h^cha i` g_]b[hcmgm i` g[n_lc[f ^_al[^[ncih ch `[ncao_ qcnb nb_ ^_p_f-
ijg_hn i` jli]_^ol_m ni []]ol[n_fs [mm_mm mnlo]nol[f chn_alcns `il ]s]fc][ffs-fi[^_^ g[n_lc[fm
[h^ mnlo]nol[f ]igjih_hnm V1u3W. Qb_ jl_m_hn mno^s `i]om_m ih M91 mn__f )]ihn[chcha 9' @l,
1' Ji [h^ nb_ \[f[h]_ jlcg[lcfs C_*, qbc]b cm [ qc^_fs om_^ jiq_l jf[hn mn__f. Rh^_l nb_ ij-
_l[ncha ]ih^cncihm i` #_rc\f_ jiq_l jf[hnm, nb_ l_f_p[hn ]igjih_hnm nsjc][ffs _rj_lc_h]_ \inb
]s]fc] g_]b[hc][f [h^ nb_lg[f fi[^m )_.a. ^olcha mn[ln-oj [nn_gj_l[ncih ]s]f_m V4, 5W* f_[^cha
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jin_hnc[ffs ni nb_lgi-g_]b[hc][f `[ncao_ )QJC* `[cfol_. Eiq_p_l, ch nb_ ^_mcah jli]_mm `il
]oll_hn g[n_lc[fm [h^ mnlo]nol_m, QJC \_b[pciol cm hin nsjc][ffs []]iohn_^ `il.
Qb_ ]s]fc] jf[mnc]cns [h^ `[ncao_ ]l[]e chcnc[ncih )C@F* \_b[pciol i` M91 cm _r[gch_^ b_l_,
`i]omcha ih []]ol[n_ gc]limnlo]nol_-\[m_^ "hcn_ _f_g_hn )CB* gi^_ffcha. Cil M91 [h^ inb_l
mcgcf[l jiq_l jf[hn mn__fm, cminb_lg[f `[ncao_ )FC* mno^c_m [n _f_p[n_^ n_gj_l[nol_ V6u16W
b[p_ \__h _rn_hmcp_fs ][llc_^ ion. Fh nb_m_ mno^c_m, ]ihmc^_l[\f_ ]s]fc] mi`n_hcha b[m \__h
i\m_lp_^ qbc]b l_mofnm ch nb_ fimm i` g[n_lc[f mnl_hanb [h^ nbcm mi`n_hcha b[m \__h l_p_[f_^ ni
\_ [mmi]c[n_^ qcnb l_^o]ncih i` ^cmfi][ncih ^_hmcns [h^ gc]limnlo]nol[f l_]ip_ls [n nb_ mo\-
al[ch f_p_f. Icgcn_^ mno^c_m V4, 5, 17W b[p_ `i]om_^ ih QJC l_mjihm_ [h^ jb_hig_hifiac][f
]ihnchoog gi^_fm b[p_ \__h g[chfs om_^. Fh l_]_hn ^_][^_m, gc]limnlo]nol_-\[m_^ "hcn_
_f_g_hn mcgof[ncihm V18u33W b[p_ \__h ^_p_fij_^ ni mno^s nb_ `[ncao_ l_mjihm_ ch g_n[fm,
qb_l_ nb_ ]ihmncnoncp_ l_mjihm_ [n ]lsmn[ffial[jbc] f_p_f cm nsjc][ffs l_jl_m_hn_^ \s ]lsmn[f
jf[mnc]cns nb_ils. Cil nb_ gihinihc] l_mjihm_ i` M91 [h^ inb_l bcab-]bligcog n_gj_l_^
g[ln_hmcn_ `_llcnc] mn__fm, ]lsmn[f jf[mnc]cns-\[m_^ CB gi^_fm V34u40W b[p_ \__h ^_p_fij_^
qcnb `i]om_m ih mcgof[ncha gc]lim][f_ ch_f[mnc] ^_`ilg[ncih [h^ `[cfol_. O_]_hnfs, f_hanb-m][f_
^_j_h^_hn ]lsmn[f jf[mnc]cns gi^_fm V39, 33W b[p_ \__h ^_p_fij_^ [h^ _rn_h^_^ `il M91 mn__f
ni []]iohn `il nb_ jl_]cjcn[n_ mct_ _!_]n ih C@F oh^_l cminb_lg[f ]ih^cncihm. Eiq_p_l, ni iol
ehiqf_^a_, gc]limnlo]nol_-\[m_^ gi^_ffcha i` QJC \_b[pciol ch M91 mn__fm b[m hin s_n \__h
j_l`ilg_^. Qbcm cm h_]_mm[ls ch ko[hnc`scha nb_ `[ncao_ g_]b[hcmgm ch ]oll_hn jiq_l jf[hn
]igjih_hnm oh^_l chn_lgcnn_hn nb_lgi-g_]b[hc][f fi[^cha ]ih^cncihm [h^ ijncgcmcha nb_ e_s
g[n_lc[f j[l[g_n_lm `il h_rn a_h_l[ncih jiq_l jf[hn. >m nb_ `[ncao_ `[cfol_ g_]b[hcmgm
ch n_lgm i` `ilg[ncih [h^ ^_p_fijg_hn i` j_lmcmn_hn mfcj \[h^m V2W [l_ [mmi]c[n_^ qcnb nb_
gc]limnlo]nol_, nb_ jl_m_hn qile jl_m_hnm mo]b [ gc]lig_]b[hc][f CB gi^_f ni _rjfc]cnfs [h^
[]]ol[n_fs []]iohn `il nb_ ]lsmn[ffial[jbc] mfcj \[m_^ ch_f[mnc] ^_`ilg[ncih [h^ `[cfol_ `il M91
mn__fm.
Qb_ i\d_]ncp_m i` nb_ jl_m_hn j[j_l [l_ [m `iffiqm; )c* A_p_fij [ gc]limnlo]nol_-\[m_^ CB
gi^_f ni mcgof[n_ ]s]fc] jf[mnc]cns \_b[pciol `il M91 mn__fm [h^ ]igj[l_ nb_ ]s]fc] nb_lgi-
g_]b[hc][f l_mjihm_ qcnb _rj_lcg_hnm< )cc* Br[gch_ nb_ gc]limnlo]nol_-m_hmcncp_ QJC `[cfol_
\_b[pciol, ch n_lgm i` mcn_m [h^ hog\_l i` ]s]f_m ni `[ncao_ ]l[]e chcnc[ncih, \[m_^ ih [ mj_]c"]
m][f_-]ihmcmn_hn `[ncao_ ]lcn_lcih.
,) ;g_TaX\T]c
Qi ]b[l[]n_lcm_ nb_ QJC \_b[pciol i` M91 mn__f, [ jlial[g i` ch-jb[m_ )QJC-FM* [h^ ion-
i`-jb[m_ )QJC-LM* QJC n_mnm b[p_ \__h ][llc_^ ion ch nb_ 400# @ ni 600# @ n_gj_l[nol_
l[ha_ V41W. Qb_ QJC m_noj cm mbiqh ch Cca. 1[. Qb_ g_]b[hc][f mnl[ch-n_gj_l[nol_ fi[^cha
bcmnilc_m [l_ cffomnl[n_^ m]b_g[nc][ffs ch Ccam. 1\ [h^ ], qcnb QJC n_mnm ]ih^o]n_^ [n mnl[ch-
l[ha_m i` 1.0', 0.8' [h^ 0.6', [n mnl[ch-l[n_m i` 3.3 " 10!' 0C [h^ 2.5 " 10!' 0C. Qb_
]s]fc] _pifoncih i` g[rcgog n_hmcf_ [h^ ]igjl_mmcp_ mnl_mm `il m[gjf_ )nsjc][f* QJC-FM [h^
QJC-LM n_mnm [l_ jl_m_hn_^ ch Cca. 2[, mbiqcha ]ihmc^_l[\f_ ]s]fc] mi`n_hcha `il [ff n_mn ][m_m.
Pcahc"][hn [msgg_nls i` mnl_mm cm i\m_lp_^ qcnb [ bcab_l g[rcgog n_hmcf_ mnl_mm `il QJC-LM
][m_m, ^o_ ni nb_ g[rcgog mnl[ch ]ich]c^cha qcnb gchcgog n_gj_l[nol_ )Cca. 1]*, acpcha [
mnliha_l l_mjihm_ oh^_l nb_ mnl[ch-]ihnliff_^ ]ih^cncihm. > ]igj[lcmih i` nb_ _rj_lcg_hn[ffs
i\m_lp_^ QJC g[rcgog n_hmcf_ mnl_mm qcnb cminb_lg[f `[ncao_ )FC* ^[n[ [n 400# @ [h^ 600# @
cm jl_m_hn_^ ch Cca. 2\. Qb_ gimn mcahc"][hn _!_]n i` jf[mnc]-mnl[ch ch^o]_^ l_]ip_ls )mi`n_hcha*
cm i\m_lp_^ `il FC \_b[pciol [n 600# @. Qb_ _rj_lcg_hn[f mnl[ch-fc`_ l_mofnm ch nb_ 400# @ ni
600# @ n_gj_l[nol_ l[ha_, `il FC, QJC-FM [h^ QJC-LM n_mn ]ih^cncihm, [l_ jl_m_hn_^ ch
Cca. 3. >fnbioab mcgcf[l f_p_fm i` l_]ip_ls )mi`n_hcha* [l_ i\m_lp_^ `il QJC-FM [h^ QJC-LM
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][m_m, [m jl_m_hn_^ ch Cca. 2\, [ fiq_l `[ncao_ fc`_ cm i\m_lp_^ `il [ff QJC-LM ][m_m, bcabfcabncha
nb_ ^_nlcg_hn[f _!_]n i` g[rcgog n_hmcf_ mnl_mm ih nb_ fiq-]s]f_ `[ncao_ fc`_ i` 9@l mn__fm. Kin_
nb[n nb_ hog\_l i` l_p_lm[fm )]s]f_m* ni `[cfol_ cm c^_hnc"_^ [m nb[n ]ill_mjih^cha ni [ 30'
^lij ch fi[^ `lig nb_ 1507/ ]s]f_.
A`^li\ /8 DccljkiXk`fe f] OHA k\jk ]fi K7/ jk\\cj n`k_ 'X( OHA k\jk`e^ j\klg* 'Y( OHA `e+g_Xj\ 'OHA+DK(
Xe[ 'Z( OHA flk+f]+g_Xj\ 'OHA+JK(,
A`^li\ 08 OHA [XkX ]fi K7/ jk\\cj n`k_ 'X( dXo`dld Xe[ d`e`dld jki\jj\j mj eldY\i f] ZpZc\j Xe[ 'Y(
ZfdgXi`jfe f] dXo`dld k\ej`c\ jki\jj [XkX ]fi Yfk_ OHA Xe[ DA,
-) IWT^ah
&#$# +=@<5=5>C1C9?> ?6 =93A?BCAD3CDA5"B5>B9C9E5 !>9C5 5<5=5>C =?45< 6?A C85A=?"=5381>931<
61C97D5
Fh nb_ jl_m_hn qile, [ gc]limnlo]nol_-\[m_^ CB gi^_ffcha g_nbi^ifias cm ^_p_fij_^ ni
mno^s QJC \_b[pciol ch M91 mn__fm. Cca. 4[ mbiqm nb_ g[n_lc[f gc]limnlo]nol_ []kocl_^
\s _f_]nlih \[]em][nn_l ^c!l[]ncih )B?PA* g_[mol_g_hn qcnb [ jf[h[l ^cg_hmcih i` 176 "
111 &g%. Fh Cca. 4[, ]lsmn[ffial[jbc] ilc_hn[ncihm i` ^c!_l_hn al[chm [l_ ^cmnchaocmb_^ \s
[h chp_lm_ jif_ g[j. Qb_ ]ill_mjih^cha CB gi^_f cm mbiqh ch Cca. 4\ qcnb nb_ g_[mol_^
3
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
A`^li\ 18 AXk`^l\ c`]\ [XkX ]fi K7/ jk\\cj le[\i Yfk_ OHA Xe[ DA Zfe[`kfej,
A`^li\ 28 H`Zifd\Z_Xe`ZXc "e`k\ \c\d\ek df[\c ]fi k_\idf+d\Z_Xe`ZXc ]Xk`^l\ 'OHA( `e K7/ jk\\cj n`k_ 'X(
d`ZifjkilZkli\ dfig_fcf^p d\Xjli\[ Yp @=N? '_\i\ k_\ gcfk `j ]fi k_\ g\ig\e[`ZlcXi [`i\Zk`fe kf k_\ jXdgc\
jli]XZ\( Xe[ 'Y( k_\ jgXk`Xc [`jki`Ylk`fe f] k_\ j\Zfe[ @lc\i Xe^c\ `e X gfcpZipjkXc "e`k\ \c\d\ek df[\c,
al[ch-f_p_f ^_n[cfm ch [ l_jl_m_hn[ncp_ pifog_ _f_g_hn )OSB*. Qb_ Bof_l [haf_m V42W [l_ om_^ ni
l_jl_m_hn ]lsmn[ffial[jbc] ilc_hn[ncihm ch nb_ jifs]lsmn[f CB gi^_f )Cca. 4\*. >m ^_m]lc\_^ ch
^_n[cf \s Ic _n [f. V39W, nb_ g_[mol_^ Bof_l [haf_m i` nb_ gc]limnlo]nol_ [l_ chjon ^cl_]nfs chni
nb_ CB gi^_f, _f_g_hn \s _f_g_hn, mi nb[n nb_ ]lsmn[ffial[jbc] ch`ilg[ncih ch nb_ CB gi^_f
_r[]nfs g[n]b_m nb_ g_[mol_^ ih_. Qi cffomnl[n_ nbcm, "p_ al[chm )\fi]em* [l_ bcabfcabn_^
ch \inb nb_ B?PA )Cca. 4[* [h^ nb_ CB l_jl_m_hn[ncih )Cca. 4\*, ]f_[lfs mbiqcha ^cl_]n
ih_-ni-ih_ ]ill_f[ncih i` al[chm. Kin_ nb[n nb_ ^cg_hmcih i` nb_ OSB cm [jjlijlc[n_ mo]b
nb[n [ l_jl_m_hn[ncp_ g[]lim]ijc] l_mjihm_ ][h \_ i\n[ch_^ omcha nb_ jifs]lsmn[f CB gi^_f
[m mbiqh ch nb_ _[lfc_l mno^s V39W. Qb_ l_jl_m_hn[ncp_h_mm i` [h B?PA-\[m_^ OSB l_fc_m
ih nb_ m[ncm`[]ncih i` nb_ ]ih^cncih nb[n nb_ OSBm `il ^c!_l_hn m[gjf_ jimcncihm )qcnb m[g_
^cg_hmcih* f_[^ ni ]ihmcmn_hn [aal_a[ncp_ mnl_mm-mnl[ch l_mjihm_. Fn cm ch^c][n_^ ch nb_ jl_pciom
qile V39W nb[n, qcnb ch]l_[mcha OSB mct_ `lig nb_ ]oll_hn OSB, [fgimn oh]b[ha_^ [aal_a[ncp_
mnl_mm-mnl[ch l_mjihm_ cm []bc_p_^. Ciffiqcha nb_ [jjli[]b ch O_`. V42W, nb_ CB gi^_f om_m
l_aof[l 3A \lc]e _f_g_hnm )8 hi^_m [h^ ]o\c] mb[j_ qcnb _^a_ f_hanb i` 0.5 &g* qcnb j_lci^c]
\ioh^[ls ]ih^cncihm ch \inb ch-jf[h_ [h^ ion-i`-jf[h_ ^cl_]ncihm. Kin_ nb[n nb_ OSB cm 3-
A qcnb nb_ nbcl^ ^cg_hmcih a_h_l[n_^ \s _rn_h^cha nb_ 2-A CB g_mb ch nb_ ion-i`-jf[h_
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^cl_]ncih \s ih_ _f_g_hn nbc]e. Qb_l_`il_, nb_ ]oll_hn OSB b[m [ ]ifogh[l al[ch mb[j_. Fn
b[m \__h ^cm]omm_^ \s Ic _n [f. V39W nb[n mo]b [h OSB cm [jjlijlc[n_ `il ch-jf[h_ fi[^cha
][m_ ni []]iohn `il nb_ gimn l_f_p[hn ch-jf[h_ al[ch chn_l[]ncihm. Qb_ ]lsmn[f jf[mnc]cns gi^_f
^cm]omm_^ ch P_]ncih 3.2 cm nb_h om_^ ni l_jl_m_hn nb_ ]ihmncnoncp_ l_mjihm_ i` _[]b mchaf_
al[ch [h^ ]ihmc^_lm nqi ][m_m, QJC ch-jb[m_ )QJC-FM* [h^ QJC ion-i`-jb[m_ )QJC-LM*
[m mbiqh ch Ccam. 1\ [h^ ].
&#%# *AGBC1< @<1BC939CG"21B54 3?>BC9CDC9E5 6?A=D<1C9?>
Qb_ ]lsmn[f jf[mnc]cns gi^_f jl_m_hn_^ ch O_`m. V39, 33W `il M91 mn__fm b[m \__h om_^ ni
^_m]lc\_ nb_ ]ihmncnoncp_ l_mjihm_ `il M91 mn__fm [h^ nb_ n_gj_l[nol_ ^_j_h^_hn cminlijc] [h^
ech_g[nc] b[l^_hcha cm ch]fo^_^ b_l_ ni ^_m]lc\_ nb_ QJC l_mjihm_. Fh nb_ ]oll_hn qile, nb_
_f[mnc] l_mjihm_ i` nb_ g[n_lc[f cm fch_[l [m ch O_`. V39W [h^ nb_ _pifoncih i` ch_f[mnc] mfcj cm
l_jl_m_hn_^ \s [ nb_lg[ffs []ncp[n_^ #iq lof_ V43W [m `iffiqm
Y#! = Y## _rj
%
!
4
>8
'
1 !
'
)+! ! 2!) ! 7!
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mah )+! ! 2!* / )1*
qb_l_ Y#! cm mfcj l[n_< +! [h^ 7! [l_ l_mifp_^ mb_[l mnl_mm [h^ mfcj l_mcmn[h]_, l_mj_]ncp_fs< 4 ,
> [h^ 8 [l_ nb_ nb_lg[f []ncp[ncih _h_las `il [ g[n_lc[f, ?ifntg[hh ]ihmn[hn [h^ [\mifon_
n_gj_l[nol_, l_mj_]ncp_fs< @, A [h^ Y## [l_ nb_ _rjih_hnm [h^ jl_-_rjih_hnc[f ]ihmn[hnm< +# cm
nb_ ]lcnc][f mb_[l mnl_mm< nb_ \l[]e_nm '.( ch^c][n_ nb[n 'E( $ E `il E 1 0 [h^ 'E( $ 0 `il E % 0<
2! [h^ 7! [l_ \[]e mnl_mm [h^ mfcj l_mcmn[h]_ `il nb_ mfcj msmn_g, !, l_mj_]ncp_fs.
>h >lgmnliha-Cl_^lc]e nsj_ ech_g[nc] b[l^_hcha lof_ V43u46W cm [^ijn_^ ni ^_m]lc\_ nb_
_pifoncih i` nb_ \[]e mnl_mm, 2!, [m `iffiqm
Y2! = =+ Y#
! !
B$
7!
2!) Y#!)/ )2*
qb_l_ =+ [h^ B$ [l_ g[n_lc[f ]ihmn[hnm. E_l_, =+ cm m_n ni \_ n_gj_l[nol_ ^_j_h^_hn ch il^_l
ni ][jnol_ nb_ QJC l_mjihm_. ?[m_^ ih [ a_h_l[fcm_^ Q[sfil l_f[ncih V47W, mfcj l_mcmn[h]_ cm
acp_h \s
7! = &9
4332 &-
"*$
=# V,$ + )1 ! ,%* $!"W
!
)"(- + )
"
(6 + )
"
%
"
/ )3*
qb_l_ & [h^ 9 [l_ nb_ mb_[l gi^ofom [h^ nb_ g[ahcno^_ i` nb_ ?ola_lm p_]nil, l_mj_]ncp_fs<
)"(-, )
"
(6 [h^ )
"
% [l_ nb_ _^a_ j[ln i` mn[ncmnc][ffs mnil_^ ^cmfi][ncih )PPA* ^_hmcns, nb_ m]l_q
j[ln i` PPA ^_hmcns [h^ nb_ m]l_q j[ln i` a_ig_nlc][ffs h_]_mm[ls ^cmfi][ncih )DKA* ^_hmcns
`il nb_ mfcj msmn_g ", l_mj_]ncp_fs< =# cm [ ]i_$]c_hn ch^c][ncha nb_ mnl_hanb i` ^cmfi][ncih j[cl
chn_l[]ncihm< ,$ [h^ ,% [l_ chn_l[]ncih ]ihmn[hnm [h^ $
!" cm nb_ Hlih_]e_l ^_fn[. Kin_ b_l_
nb[n ihfs nb_ mb_[l gi^ofom, &, cm [ `oh]ncih i` n_gj_l[nol_ mo]b nb[n nb_ cminlijc] b[l^_hcha
cm n_gj_l[nol_ ^_j_h^_hn [n nb_ al[ch f_p_f. Fh nb_ jl_m_hn qile, ,$ = ,% = 1 qbc]b cgjfc_m
^cmfi][ncihm chn_l[]n _ko[ffs.
?[m_^ ih jl_pciom mno^c_m V39, 48W, nb_ ]lcnc][f mb_[l mnl_mm, +#, cm acp_h [m `iffiqm
+# = X+# + ;#
4332 &-
"*$
!
)"(- + )
"
(6 + )
"
%
"
/ )4*
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qb_l_ X+# cm nb_ ]lcnc][f mb_[l mnl_mm ch nb_ [\m_h]_ i` ^cmfi][ncih \[llc_lm [h^ ;# cm [ g[n_lc[f
]ihmn[hn. >m ch jl_pciom mno^c_m V33, 49, 50W, nb_ _pifoncih i` )!(- [h^ )
!
(6 [l_ acp_h [m `iffiqm
Y)!(- =
)
+5-
9
4332 &-
"*$
!
)"(- + )
"
(6 + )
"
%
"
! <-)
!
(-
*
, ) Y#!)/ )5[*
Y)!(6 =
)
+56
9
)1 !
(<%6
4
)!(6*
4332 &-
"*$
!
)"(- + )
"
(6 + )
"
%
"
! <6)
!
(6
*
, ) Y#!)/ )5\*
qb_l_ 5- [h^ 56 [l_ nqi ]i_$]c_hnm i` ^cmfi][ncih a_h_l[ncih `il nb_ mfcj msmn_g !, [h^
<- [h^ <6 [l_ nqi ]i_$]c_hnm l_f[ncha ni nb_ [hhcbcf[ncih i` _^a_ [h^ m]l_q ^cmfi][ncihm,
l_mj_]ncp_fs. Fh nbcm qile, 56 = 25- [m om_^ ch nb_ jl_pciom qile V49W, \[m_^ ih mfcj fch_
g_[mol_g_hnm V51, 52W. E_l_[`n_l, ihfs 5- qcff \_ jl_m_hn_^. Kin_ nb[n nb_ ^cmfi][ncih
^_hmcnc_m [l_ n_gj_l[nol_ ^_j_h^_hn ch nb_ ]oll_hn j[j_l. Po]b _!_]n cm cgjfc]cnfs ][jnol_^
pc[ nb_ _!_]n i` n_gj_l[nol_ ih mfcj l[n_ ch Bk. )1*. Qb_ _pifoncihm i` ^cmfi][ncih ^_hmcnc_m
ch Bkm. )5[* [h^ )5\* ^_j_h^ ih mfcj l[n_ [h^ [l_ nbom n_gj_l[nol_-^_j_h^_hn. Kin_ nb[n, [m
^c]omm_^ \s Joabl[\c V53W, `il _r[gjf_, `il fiq ]s]f_ `[ncao_, [m ch nbcm qile, nb_ `l[]ncih i`
l_p_lmc\f_ mfcj l_f[ncp_ ni nin[f mfcj cm mg[ff.
Qb_ _pifoncih i` DKA ^_hmcns, )!%, ^_j_h^m ih jf[mnc] mnl[ch al[^c_hn [h^ nb_ ^_n[cfm ][h
\_ `ioh^ ch jl_pciom qile V39, 33W. Qb_ om_l _f_g_hn mo\lionch_ )RBI*, cgjf_g_hn_^ qcnbch
[ ]igg_l]c[f CB ]i^_ V54W, cm nb_h om_^ ni n[e_ nb_ _pifoncih i` DKA ^_hmcnc_m [h^ nb_ f_hanb
m][f_ ^_j_h^_h]s chni []]iohn ch nb_ ]ihmncnoncp_ l_f[ncihm [\ip_. Fh il^_l ni ch]iljil[n_ nb_
nb_lgi-g_]b[hc][f _!_]n chni nb_ @MCB gc]li-g_]b[hc][f gi^_f, nb_ mj_]c"] n_gj_l[nol_
_pifoncih ]ill_mjih^cha ni ch-jb[m_ il ion-i`-jb[m_ ]ih^cncihm cm [ffiq_^ ch nb_ RBI.
Aolcha QJC, nb_ ch]l_g_hn i` []]ogof[n_^ _kocp[f_hn jf[mnc] mnl[ch V33, 39, 46W cm ^_"h_^
[m
<&-3 =
#
2
3
93 ; 93
$ "
#
<D/ )6*
qb_l_ <D cm nb_ ncg_ ch]l_g_hn [h^ 93 cm jf[mnc] mnl[ch l[n_ ^_"h_^ [m
93 =
1
2
'-
!*$
Y#!
0
<-\! # ]! )<-*!$ + )<-*!) ]! # \! )<-*)
1
. )7*
E_l_, <- cm nb_ _f[mnc] ^_`ilg[ncih al[^c_hn, \! [h^ ]! [l_ mfcj ^cl_]ncih [h^ mfcj jf[h_
hilg[f i` nb_ mfcj msmn_g, !, l_mj_]ncp_fs, # cm ^s[^c] jli^o]n, [h^ moj_lm]lcjnm Z!1(, Z8 ( [h^
Z!8 ( ch^c][n_ nb_ n_hmil ij_l[ncihm i` chp_lm_, nl[hmjim_ [h^ chp_lm_ nl[hmjim_, l_mj_]ncp_fs.
&#&# 085A=?"=5381>91< 61C97D5 9>4931C?A @1A1=5C5A
Qb_ jl_m_hn qile `i]om_m ih `[ncao_ \_b[pciol i` M91 mn__fm. Qsjc][ffs, nb_ nin[f `[ncao_
fc`_, 6. , ][h \_ ^_]igjim_^ [m `iffiqm
6. = 60 + 63/ )8*
qb_l_ 60 cm nb_ hog\_l i` ]s]f_m l_kocl_^ ni chcnc[n_ [ `[ncao_ ]l[]e [h^ 63 cm nb_ hog\_l
i` ]s]f_m ni jlij[a[n_ nb_ `[ncao_ ]l[]e oj ni `[cfol_ V1W. Rh^_l fiq ]s]f_ `[ncao_ ]ih^cncihm
[n _f_p[n_^ n_gj_l[nol_ `il M91 mn__fm, cn b[m \__h mbiqh ch O_`m. V55u57W nb[n 60 ][h g[e_
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oj 10-20' nin[f `[ncao_ fc`_ [h^ nb[n nsjc][ffs gc]li-]l[]echa chcnc[ncih cm ]b[l[]n_lcm_^ \s
gofncjf_ ]l[]e chcnc[ncih mcn_m. Fh nb_ ]oll_hn qile, [nn_hncih cm `i]om_^ ih nb_ `[ncao_ ]l[]e
chcnc[ncih )C@F* ch M91 mn__fm. C@F cm [mmog_^ ni i]]ol qb_h [ ]lcnc][f p[fo_ i` fi][f []]o-
gof[n_^ ]lsmn[ffial[jbc] mfcj cm []bc_p_^. Kin_ nb[n nb_ ]ogof[ncp_ _!_]ncp_ ]lsmn[ffial[jbc]
mfcj-\[m_^ `[ncao_ ch^c][nil j[l[g_n_l )omcha l[n_ i` jf[mnc] ^_`ilg[ncih n_hmil* om_^ b_l_ b[m
\__h jl_m_hn_^ [h^ p[fc^[n_^ [a[chmn FC n_mn ^[n[ [n 600# @ ch O_`. V33W. Fh nb_ f[nn_l, [h chc-
nc[ncih fc`_ q[m ch`_ll_^ `lig _rj_lcg_hn[f ^[n[ pc[ nb_ "nncha i` [ Hi]em-J_]echa ^cmfi][ncih
^_hmcns _pifoncih _ko[ncih ni nb_ g_[mol_^ mi`n_hcha [h^ q[m `ioh^ ni acp_ chcnc[ncih fcp_m i`
[\ion 10' ! 20' i` nin[f fc`_, ]ihmcmn_hn qcnb nbim_ i\m_lp_^ \s inb_l [onbilm `il nb_ m[g_
g[n_lc[f [h^ n_gj_l[nol_. Qb_ g_nbi^ jl_m_hn_^ ch O_`. V33W cm _mm_hnc[ffs [h _rn_hmcih i`
[ mcgcf[l [jjli[]b \s J[hihoeof [h^ Aohh_ V18W, qbi "lmn jlijim_^ [ ]ogof[ncp_ _!_]ncp_
]lsmn[ffial[jbc] mfcj j[l[g_n_l `il fiq- [h^ bcab-]s]f_ `[ncao_, ch]fo^cha g_[h mnl_mm _!_]nm,
[h^ `il bcab n_gj_l[nol_. > mcgcf[l [jjli[]b V32W b[m [fmi \__h mo]]_mm`offs p[fc^[n_^ [a[chmn
n_mn ^[n[ `il C@F ch @i@l [ffis [h^ nb_ mnl[ch al[^c_hn @MCB jf[mnc]cns g_nbi^ q[m mbiqh
ni mo]]_mm`offs ][jnol_ g_[mol_^ al[ch mct_ _!_]n ih C@F [h^ bsmn_l_mcm fiij )c._. ]s]fc] \_-
b[pciol*, [m q_ff `il gc]li-m][f_ bcab-]s]f_ `[ncao_ n_mn mj_]cg_hm V58W. K_rn q_ ^_lcp_ nb_
`ilgof[ncih i` nb_ `[ncao_ ch^c][nil j[l[g_n_l [n nb_ gc]limnlo]nol[f f_p_f.
Qb_ g_]b[hcmg ih qbc]b nb_ C@F gi^_f cm jl_^c][n_^ cm fi][fcm_^, ]s]fc] []]ogof[ncih i`
jf[mnc] ^_`ilg[ncih pc[ ]lsmn[ffial[jbc] mfcj, ][omcha al[^o[f g[n_lc[f ^_al[^[ncih pc[ gc]li-
pic^ ho]f_[ncih, aliqnb, ]i[f_m]_h]_ [h^ b_h]_ gc]li-]l[]e jlij[a[ncih V59, 60W `il fiq ]s]f_
`[ncao_. Fh nb_ jl_m_hn qile, C@F cm [mmog_^ ni i]]ol qb_h [ ]lcnc][f p[fo_ i` fi][f []]ogof[n_^
]lsmn[ffial[jbc] mfcj cm l_[]b_^. Qb_ []]ogof[n_^ ch_f[mnc] ^_`ilg[ncih cm ^_mcah[n_^ [m [
`[ncao_ ch^c][nil j[l[g_n_l )CFM*. Fn cm _rj_]n_^ nb[n C@F qcff b[p_ [^^cncih[f ^_j_h^_h]c_m ih
nb_ fi][f mnl_mm mn[n_ )nlc[rc[fcns* [h^ n_gj_l[nol_ p[lc[ncih [m gc]li-pic^ ho]f_[ncih, aliqnb
[h^ ]i[f_m]_h]_ qcff \_ [!_]n_^ mnlihafs \s nb_g. Cil M91 mn__fm, [ l_]_hn _rj_lcg_hn[f
mno^s V62W b[m mbiqh nb_ n_gj_l[nol_ ^_j_h^_h]_ i` ohc[rc[f `[cfol_ mnl[ch -. , qbc]b ][h \_
_rjl_mm_^ [m [ `oh]ncih i` n_gj_l[nol_ \_nq__h 400# @ [h^ 600# @ [m `iffiqm,
-. = -
(##
. V1 + % )8 ! 873*W / )9*
qb_l_ -(##. cm nb_ ohc[rc[f `[cfol_ mnl[ch [n 600
# @ [h^ % = 1.25 " 10!& 05 \[m_^ ih nb_ _rj_l-
cg_hn[f ^[n[ V62W `il [ mnl[ch l[n_ i` 3.3 " 10!' 0C. Rh^_l QJC ]ih^cncihm, \inb n_gj_l[nol_
[h^ fi][f mnl_mm nlc[rc[fcns p[ls. Fn cm nb_h jimmc\f_ ni jlijim_ [ `[ncao_ ch^c][nil j[l[g_n_l
`il QJC, [m [ `oh]ncih i` hog\_l i` ]s]f_m 6 , acp_h \s
/-3 )6* = '-
2*$
7!!".
7!
#
2
3
93 ; 93
$ "
#
_rj
#
3
2
*1
*-4
!
1
2
$
V1 + % )8 ! 873*W!$ <D/ )10*
qb_l_ *1 cm nb_ bs^limn[nc] mnl_mm, *-4 cm nb_ pih Jcm_m mnl_mm, D2 [h^ D2!$ l_jl_m_hn nb_ mn[ln
ncg_ i` nb_ ?10 [h^ )? + 1*10 ]s]f_, l_mj_]ncp_fs.
Tcnb nb_ h_qfs ^_"h_^ p[lc[\f_, /-3, nb_ `[ncao_ ]lcn_lcih cm qlcnn_h [m
/-1*83 )60* = /-,507/ )11*
qb_l_ /-,507 cm [ g[n_lc[f ]ihmn[hn l_jl_m_hncha gc]li-m][f_ `[ncao_ ]l[]e chcnc[ncih, /-1*83 cm nb_
g[rcgog p[fo_ i` /-3 ip_l [ff mj[nc[f fi][ncihm. Qb_ g[n_lc[f ]ihmn[hn, /-,507, ][h \_ c^_hnc"_^
oh^_l FC ]ih^cncih )[n 600# @*. Qb_ 60 `il inb_l _rj_lcg_hnm )ch]fo^cha l_[f [jjfc][ncihm*
][h nb_h \_ jl_^c]n_^ \s chp_lm_fs omcha Bk. )11*.
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&#'# .?45< 31<92A1C9?> 1>4 =1C5A91< @1A1=5C5AB
Rhc[rc[f cminb_lg[f I@C _rj_lcg_hn[f ^[n[ V16W `il [ mnl[ch l[n_ i` 3.3"10!' 0C [l_ om_^ ni
][fc\l[n_ nb_ g[n_lc[f j[l[g_n_lm ch nb_ ]lsmn[f jf[mnc]cns \[m_^ CB gi^_f. Q[\f_ 1 acp_m nb_
n_gj_l[nol_ ^_j_h^_hn ]ihmn[hnm ch]fo^cha mchaf_ ]lsmn[f [hcminlijc] _f[mnc] ]ihmn[hnm [h^ [
ech_g[nc] b[l^_hcha j[l[g_n_l. Q[\f_ 2 acp_m nb_ n_gj_l[nol_ ch^_j_h^_hn j[l[g_n_lm qbc]b
[l_ c^_hnc][f ni nbim_ om_^ ch [ l_]_hn mno^s V33W. >m ch jl_pciom mno^c_m V39, 33W, nb_ chcnc[f
^cmfi][ncih ^_hmcns, )#, cm m_n ni 4.2 " 10
) gg!%. E_l_, nb_ chcnc[f ^cmfi][ncih ^_hmcns [m ch nb_
qile i` Ic _n [f. V39W cm ]ihmcmncha i` chcnc[f DKA ^_hmcns )m_n ni t_li* [h^ chcnc[f PPA ^_hmcns
)hih-t_li* qcnb _^a_ [h^ m]l_q j[lnm _ko[ffs [mmcah_^. Fh nb_ ][fc\l[ncih, nbl__ n_gj_l[nol_m
[l_ _r[gch_^ [h^ Ccam. 5[-] mbiq nb_ ]igj[lcmih \_nq__h nb_ mcgof[n_^ "lmn-]s]f_ mnl_mm-
mnl[ch bsmn_l_mcm fiijm [h^ nb_ _rj_lcg_hn[f ^[n[ [n 400# @, 500# @, [h^ 600# @, l_mj_]ncp_fs,
`il [ g_]b[hc][f mnl[ch l[ha_ i` 1'. Ccam. 5^-` mbiq mcgcf[l ]igj[lcmih ch nb_ mcrnb ]s]f_.
Kin_ nb[n `il inb_l g_]b[hc][f mnl[ch l[ha_m nb_ gi^_ffcha jl_^c]ncih [al__m _ko[ffs q_ff qcnb
nb_ cminb_lg[f I@C ^[n[, [fnbioab hin mbiqh b_l_. Qb_ ]lsmn[f jf[mnc]cns \[m_^ CB gi^_f
b[m \__h `olnb_l p[fc^[n_^ nblioab nb_ om_ i` 9>"B9CD h_onlih ^c!l[]ncih g_[mol_g_hn [h^
B?PA g_[mol_g_hn V63, 64, 40W [n liig n_gj_l[nol_ oh^_l gihinihc] fi[^cha. Kin_ nb[n nb_
n_gj_l[nol_ ^_j_h^_hn g[n_lc[f j[l[g_n_lm [m acp_h ch Q[\f_ 1 b[p_ \__h ][fc\l[n_^ [n nbl__
n_gj_l[nol_m. Qb_ QJC _!_]n, nb_h, ][h \_ []kocl_^ ch nb_ @MCB gc]li-g_]b[hc][f gi^_f
\s ^_m]lc\cha nb_ n_gj_l[nol_ ^_j_h^_h]c_m i` nb_m_ j[l[g_n_lm [m ko[^l[nc] chn_ljif[ncihm
ch nb_ RBI.
Qb_ gi^_f cm _mm_hnc[ffs \[m_^ ih nb_ cminb_lg[f ][fc\l[ncih [n 600# @ `lig nb_ qile i`
Ic _n [f. V33W, qcnb chnli^o]ncih i` n_gj_l[nol_ ^_j_h^_h]_ `il nb_ _f[mnc] ]ihmn[hnm [h^ =+ i`
Q[\f_ 2, `il nb_ 400# @ [h^ 500# @ FC ][m_m. Fh nb_ qile i` Ic _n [f. V33W, "nncha i` nb_ gi^_f
cm \[m_^ ih ]igj[lcmih qcnb nb_ mnl_mm-mnl[ch ]s]f_m ip_l nb_ "lmn 6 ]s]f_m. >m ^cm]omm_^ ch
O_`m. V6, 7, 11W, [ l_^o]ncih i` ^cmfi][ncih ^_hmcns b[m \__h i\m_lp_^ ^olcha ]s]fc] ^_`ilg[ncih
i` M91 [n _f_p[n_^ n_gj_l[nol_. Cil nb_ b[f`-fc`_ ]s]f_m, ch il^_l ni ][jnol_ nb_ mcahc"][hn
fiha-n_lg ]s]fc] mi`n_hcha, nqi j[l[g_n_lm, chcnc[f ^cmfi][ncih ^_hmcns ))#* [h^ ]lcnc][f mb_[l
mnl_mm )X+#*, [l_ _pifp_^ ni l_^o]_^ p[fo_m. Bmm_hnc[ffs, nb_ l_-][fc\l[ncih g_nbi^ cm mcgjfs ni
ihfs _pifp_ )l_^o]_* nb_ chcnc[f ^cmfi][ncih ^_hmcns ni ih_-"`nb i` nb_ p[fo_ `il ]s]f_m 1 ni 6
[h^ nb_ ]lcnc][f mb_[l mnl_mm ni [ p[fo_ i` 420 JM[, ni mcgof[n_ nb_ fiha-n_lg ]s]fc] mi`n_hcha.
Qb_ l_^o]ncih l[nci i` chcnc[f ^cmfi][ncih ^_hmcns om_^ cm ]ihmcmn_hn qcnb nb_ _rj_lcg_hn[f ^[n[
ch nb_ fcn_l[nol_ V7, 66W. Qb_ l_^o]ncih i` nb_ ]lcnc][f mb_[l mnl_mm cm jbsmc][ffs gincp[n_^
\s jl_]cjcn[n_ ]i[lm_hcha, qbc]b f_[^m ni ch]l_[m_^ i\mn[]f_ )jl_]cjcn[n_* mj[]cha [h^ b_h]_
)\[m_^ ih Lliq[h mnl_hanb_hcha g_]b[hcmg V67W* ^_]l_[m_^ mb_[l mnl_hanb. Ki ij_l[ncihm
[l_ [jjfc_^ ih nb_ chn_lh[f p[lc[\f_m, _.a., nb_ \[]e mnl_mm mncff _pifp_m `lig t_li chcnc[f p[fo_
`il nb_ b[f`-fc`_ ]s]f_ mcgof[ncih, qbc]b mn[lnm `lig t_li mnl_mm-mnl[ch jichn. Qbcm [jjli[]b b[m
\__h mbiqh ni acp_ ]ihmcmn_hnfs _r]_ff_hn ]ill_f[ncih [n nb_ b[f`-fc`_ )hog\_l i` ]s]f_m p[lc_m
qcnb n_mnm ]ih^cncihm, pct. n_gj_l[nol_, mnl[ch-l[ha_* `il \inb nb_ 600# @ FC n_mnm, []limm [
l[ha_ i` mnl[ch-l[ha_m, ch O_`. V33W, [h^ [m mbiqh ch nb_ `iffiqcha m_]ncih `il )c* nb_ 400# @
[h^ 500# @ FC n_mnm [h^ )cc* nb_ QJC-LM [h^ QJC-FM n_mnm.
OXYc\ /8 O\dg\iXkli\ [\g\e[\ek gXiXd\k\ij,
Q_gj_l[nol_ 3$$ 3$% 3'' B & ' =+
# @ DM[ DM[ DM[ DM[ DM[ u JM[
400 178.8 112.4 104.0 92.0 104.0 0.386 6600
500 157.0 102.5 101.0 76.0 101.0 0.395 6500
600 140.5 95.0 90.2 63.8 90.2 0.4035 5800
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OXYc\ 08 O\dg\iXkli\ `e[\g\e[\ek ZfejkXekj,
Y## @ A 4 X+# ;# 9 =# 5- <- <6 B$
m!$ u u eG/gif JM[ K/gg hg u u u u JM[
10( 0.5 1.25 270 490 2.7 " 10!& 0.248 0.014 2500 50 250 200
A`^li\ 38 Cpjk\ij`j cffg f] k_\ ZXc`YiXk\[ gfcpZipjkXc A@ df[\c Xe[ `jfk_\idXc ZpZc`Z \og\i`d\ek n`k_ k_\
"ijk cffg Xk 'X( 2.." >* 'Y( 3.." > Xe[ 'Z( 4.." >* Xe[ k_\ j`ok_ cffg Xk '[( 2.." >* '\( 3.." > Xe[ ']( 4.." >
]fi k_\ d\Z_Xe`ZXc jkiX`e iXe^\ f] /%,
.) GTbd[cb P]S SXbRdbbX^]
'#$# /A5493C54 3G3<93 A5B@?>B5 D>45A C85A=?"=5381>931< 61C97D5 3?>49C9?>
Qb_ g[n_lc[f j[l[g_n_lm nb[n q_l_ ][fc\l[n_^ omcha nb_ cminb_lg[f `[ncao_ ^[n[ [l_ hiq
om_^ ni jl_^c]n nb_ QJC l_mjihm_. Cca. 6 mbiqm nb_ ]igj[lcmih \_nq__h nb_ jl_^c]n_^ bsm-
n_l_mcm mnl_mm-mnl[ch fiijm [h^ _rj_lcg_hn[f ^[n[ V16W oh^_l QJC-FM fi[^cha. Jil_ ^_n[cfm i`
nb_ QJC n_mncha g_nbi^ ][h \_ `ioh^ _fm_qb_l_ V65W. Pch]_ nb_ n_gj_l[nol_ ^_j_h^_hn g[-
n_lc[f ]ihmn[hnm [l_ ][fc\l[n_^ [n nbl__ n_gj_l[nol_m, nb_ QJC mcgof[ncih om_m ko[^l[nc][ffs
chn_ljif[n_^ p[fo_m [n inb_l n_gj_l[nol_m. Fh Ccam. 6[ [h^ \, nb_ jl_^c]n_^ [h^ g_[mol_^
bsmn_l_mcm fiijm ch nb_ "lmn [h^ mcrnb ]s]f_m, l_mj_]ncp_fs, `il nb_ g_]b[hc][f mnl[ch l[ha_ i`
1.0', [l_ ]igj[l_^ [h^ p_ls aii^ [al__g_hn cm []bc_p_^.
Ao_ ni nb_ f_hanbs ]igjon[ncih ncg_, nb_ jl_m_hn CB gi^_f cm chcnc[ffs [jjfc_^ ni mcgof[n_
ihfs oj ni mcr ]s]f_m omcha nb_ g[n_lc[f j[l[g_n_lm acp_h ch Q[\f_ 1 [h^ Q[\f_ 2. Fh il^_l ni
_r[gch_ nb_ QJC \_b[pciol [n [ l_f[ncp_fs f[la_ hog\_l i` ]s]f_m, nb_ jl_m_hn qile m[gjf_m
nb_ _rj_lcg_hn[f QJC l_mjihm_ [n nb_ b[f`-fc`_ )_.a. 2507/ ]s]f_ `il 1' mnl[ch-l[ha_*. Cca. 6]
mbiqm nb_ ]igj[lcmih \_nq__h nb_ gi^_f [h^ _rj_lcg_hn qcnb [ aii^ [al__g_hn []bc_p_^.
Ccam. 6^-` [h^ a-c mbiq nb_ mcgof[n_^ mnl_mm-mnl[ch fiijm [h^ nb_ [mmi]c[n_^ _rj_lcg_hn[f ]s]f_m
`il g_]b[hc][f mnl[ch l[ha_m i` 0.8' [h^ 0.6', l_mj_]ncp_fs. Kin_ nb[n nb_ m[g_ p[fo_m i` nb_
l_-][fc\l[n_^ g[n_lc[f j[l[g_n_lm [m acp_h [\ip_ `il [ g_]b[hc][f mnl[ch l[ha_ i` 1' [l_ om_^
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A`^li\ 48 N`dlcXk\[ Xe[ d\Xjli\[ jki\jj+jkiX`e cffgj ]fi X K7/ jk\\c le[\i OHA+DK cfX[`e^ n`k_ 'X(* 'Y( Xe[
'Z( j_fn`e^ k_\ "ijk* j`ok_ Xe[ 03.#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi d\Z_Xe`ZXc jkiX`e iXe^\ &! ; /".%9
Xe[ '[(* '\( Xe[ ']( j_fn`e^ k_\ "ijk* j`ok_ Xe[ 4..#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi &! ; ."6%9 Xe[ '^(*
'_( Xe[ '`( j_fn`e^ k_\ "ijk* j`ok_ Xe[ /...#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi &! ; ."4%,
ch nb_ gi^_f ni l_jl_m_hn nb_ QJC l_mjihm_ `il nb_ ]s]fc] Zb[f`( fcp_m qcnb g_]b[hc][f mnl[ch
l[ha_m i` 0.8' [h^ 0.6' )600 [h^ 1000 ]s]f_m, l_mj_]ncp_fs*. Fh nbcm qile, `il QJC, [h^ ch
nb_ jl_pciom qile, `il FC V33W, [nn_hncih cm fcgcn_^ ni ]s]f_m oj ni nb_ b[f`-fc`_. Qb_ b[f`-fc`_
mcgof[ncih cm j_l`ilg_^ `il ihfs ih_ ]s]f_ [m cnm i\d_]ncp_ cm ni i\n[ch nb_ CFM ch]l_g_hn [n
b[f`-fc`_ ]s]f_, qbc]b cm om_^ ni _mncg[n_ nb_ ip_l[ff CFM _pifoncih.
Cca. 7 mbiqm nb_ ]igj[lcmih \_nq__h nb_ jl_^c]ncih i` mnl_mm-mnl[ch fiijm [h^ g_[mol_-
g_hn V16W oh^_l QJC-LM fi[^cha ch nb_ "lmn, mcrnb [h^ b[f` fc`_ ]s]f_m `il nb_ m[g_ nbl__
g_]b[hc][f mnl[ch l[ha_m. Kin_ nb[n nb_ m[g_ p[fo_m i` l_][fc\l[n_^ g[n_lc[f j[l[g_n_lm [m
acp_h [\ip_ [l_ om_^ ch nb_ QJC-LM mcgof[ncihm ni l_jl_m_hn nb_ b[f` fc`_ ]s]fc] l_mjihm_.
Dii^ [al__g_hn \_nq__h gi^_f [h^ _rj_lcg_hn ][h \_ m__h ch nb_ "aol_ nbioab [al__g_hn
cm hin kocn_ [m ]fim_ [m `il nb_ FM ^[n[ [n nb_ b[f` fc`_.
Kin_ nb[n nb_ jlcg[ls g_]b[hcmgm i` mi`n_hcha ch]fo^_ ]i[lm_hcha i` gc]limnlo]nol_ )f[nbm,
jl_]cjcn[n_m*, [hhcbcf[ncih i` fiq-[haf_ \ioh^[ls ^cmfi][ncihm, [mmi]c[n_^ ^_]l_[m_ ch ^cmfi][-
ncih ^_hmcns [h^ `[ncao_ gc]li-]l[]echa [h^ gc]li-pic^ ^[g[a_. >hhcbcf[ncih i` ^cmfi][ncihm
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A`^li\ 58 N`dlcXk\[ Xe[ d\Xjli\[ jki\jj+jkiX`e cffgj ]fi X K7/ jk\\c le[\i OHA+JK cfX[`e^ n`k_ 'X(* 'Y(
Xe[ 'Z( j_fn`e^ k_\ "ijk* j`ok_ Xe[ 0..#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi &! ; /".%9 Xe[ '[(* '\( Xe[ '](
j_fn`e^ k_\ "ijk* j`ok_ Xe[ 0..#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi &! ; ."6%9 Xe[ '^(* '_( Xe[ '`( j_fn`e^
k_\ "ijk* j`ok_ Xe[ 1..#! _pjk\i\j`j cffgj* i\jg\Zk`m\cp* ]fi &! ; ."4%,
)Bkm. 5[ [h^ 5\* cm gi^_ff_^ b_l_, [m ^_gihmnl[n_^ ch nb_ l_mofnm i` Ccam. 5-7, qbc]b mbiq
jbsmc][ffs-\[m_^ mi`n_hcha ip_l nb_ "lmn 6 ]s]f_m, [f\_cn mg[ff, ^o_ ni nb_ fiha-n_lg h[nol_ i`
nbcm mi`n_hcha g_]b[hcmg. Qb_ _!_]n i` fiha-n_lg ]s]fc] mi`n_hcha b[m \__h mno^c_^ ch nbcm
j[j_l nblioab nb_ _pifoncih i` nb_ nqi ]lsmn[f jf[mnc]cns g[n_lc[f j[l[g_n_lm, ]lcnc][f mb_[l
mnl_mm [h^ chcnc[f ^cmfi][ncih ^_hmcns. O[nb_l nb[h _rjfc]cnfs mcgof[ncha nbcm jbsmc][f jli]_mm,
[n mcahc"][hn ]igjon[ncih[f _rj_hm_, nb_ gi^_f cm ][fc\l[n_^ `il nb_ chcnc[f 6 ]s]f_m [h^ nb_h
nb_m_ nqi j[l[g_n_lm [l_ _pifp_^ ni nb_ b[f`-fc`_< nbcm [ffiqm [mm_mmg_hn i` nb_ _!_]n i` ]s]fc]
mi`n_hcha fi][fcm[ncih jb_hig_h[ `il nb_ gc]limnlo]nol_-\[m_^ CFM _pifoncih. T_ b[p_ hin
g_[mol_^ nbcm _pifoncih i` nb_m_ nqi j[l[g_n_lm, \on nbcm ]_ln[chfs j_lgcnm mcgof[ncih i` nb_
_!_]n i` ]s]fc] mi`n_hcha ]ihmcmn_hnfs. Kih_nb_f_mm, ihaicha ]oll_hn [h^ `onol_ qile cm n[la_n-
_^ [n nb_ ^_p_fijg_hn i` g_nbi^m `il _rjfc]cn gi^_ffcha i` gc]limnlo]nol_ _pifoncih, omcha
jb[m_ "_f^ g_nbi^m `il _r[gjf_. >fmi, mig_ ]oll_hn qile \s nb_ [onbilm V68W cm `i]om_^ ih
nb_ ^_p_fijg_hn i` gil_ ]igjf_r ^cmfi][ncih ^_hmcns _pifoncih gi^_fm `il [ gil_ []]ol[n_
jbsmc][f l_jl_m_hn[ncih i` nb_ ]igjf_r mnl_hanb_hcha [h^ mi`n_hcha g_]b[hcmgm i` M91 bcab
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n_gj_l[nol_ ]s]fc] \_b[pciol. Conol_ qile qcff chp_mnca[n_ cgjf_g_hn[ncih i` nb_m_ ch @MCB
`il M91. Qb_ `i]om i` nb_ jl_m_hn qile cm ni _rjfil_ nb_ m[fc_hn ^c!_l_h]_m ch ]s]fc] \_b[pciol
\_nq__h QJC-LM, QJC-FM [h^ FC, [m q_ff [m ni chp_mnca[n_ nb_ [\cfcns i` [h FC-][fc\l[n_^
gi^_f ni jl_^c]n QJC \_b[pciol.
'#%# -?31< A5B@?>B5 B9=D<1C9?>
A`^li\ 68 N`dlcXk\[ cfZXc i\jgfej\ ]fi &! ; /% n`k_ 'X( Xe[ 'Y( j_fn`e^ k_\ [`jki`Ylk`fe f] df[`"\[ gcXjk`Z
jkiX`e /!" Xk dXo`dld jki\jj `ejkXek `e k_\ 4#! ZpZc\ ]fi OHA+DK Xe[ OHA+JK* i\jg\Zk`m\cp,
Cca. 8 mbiqm nb_ fi][fcm[ncih i` []]ogof[n_^ CFM `lig nb_ CB gi^_f `il [ mnl[ch l[ha_ i`
1'. Fh Ccam. 8[ [h^ \, nb_ ]ihniol ^cmnlc\oncihm i` /-3 `il QJC-FM [h^ QJC-LM [l_ jl_m_hn_^,
l_mj_]ncp_fs. Qb_ chbigia_h_iom ^cmnlc\oncih cm [nnlc\on_^ ni al[ch chn_l[]ncih ^olcha ]s]fc]
^_`ilg[ncih. Fh il^_l ni ]f_[lfs m__ nb_ ^c!_l_h]_ \_nq__h QJC-FM [h^ QJC-LM, Cca. 8 [fmi
mbiqm nb_ tiig_^-ch ]ihniol jfinm [n nb_ m[g_ fi][ncih qcnb nb_ "hcn_ _f_g_hn alc^ ch]fo^_^.
Qb_ g[rcgog p[fo_ c^_hnc"_^ b_l_ cm nb_ CFM `il nbcm [h[fsmcm. Fn ][h \_ m__h nb[n nb_ QJC-
LM ][m_ b[m [ f[la_l fi][f l_mjihm_ i` /-3 nb[h QJC-FM. Kin_ nb[n gofncjf_ mcn_m qcnb Z_ko[ffs(
bcab p[fo_m i` /-3 b[p_ \__h jl_^c]n_^ ch Cca. 8, ]ihmcmn_hn qcnb _rj_lcg_hn[f i\m_lp[ncihm i`
M91 ]l[]e chcnc[ncih V57W.
'#&# 085 5E?<DC9?> ?6 61C97D5 9>4931C?A @1A1=5C5A 1>4 C85 @A5493C9?> ?6 61C97D5 3A13; 9>9C91C9?>
Ccam. 9[ [h^ \ mbiq nb_ _pifoncih i` CFM `il nb_ "lmn mcr ]s]f_m qcnb [ fch_[l l_f[ncihmbcj
i\m_lp_^ oh^_l \inb QJC-FM [h^ QJC-LM `il [ff nbl__ mnl[ch l[ha_m ]ihmc^_l_^. Qbom nb_
ch]l_g_hn ch CFM j_l ]s]f_ ch _[]b ][m_ [n nb_ _[lfs mn[a_ i` fi[^cha cm l_f[ncp_fs ]ihmn[hn
[h^ nb_m_ [p_l[a_^ p[fo_m [l_ jl_m_hn_^ ch Q[\f_ 3. Fh [^^cncih, nb_ CFM ch]l_g_hn q[m [fmi
][f]of[n_^ ch nb_ f[n_l )b[f`-fc`_* ]s]f_ [h[fsm_m )^cm]omm_^ ch P_]ncih 4.1* [h^ nb_m_ l_mofnm [l_
[fmi jlipc^_^ ch Q[\f_ 3.
Fh `[]n, [fnbioab nb_ nl_h^ fiiem fch_[l `il nb_ "lmn 6 ]s]f_m )Cca. 9* qcnb [fgimn ]ihmn[hn
ch]l_g_hn ch CFM j_l ]s]f_, nb_ mcgof[ncih i` b[f`-fc`_ ]s]f_m mbiqm nb[n nb_ CFM ch]l_g_hn
j_l ]s]f_ ]b[ha_m [n nb_ hog\_l i` ]s]f_m ]ill_mjih^cha ni nb_ b[f`-fc`_ )Q[\f_ 3*, ^o_ ni nb_
fiha-n_lg mi`n_hcha. E_h]_, cn cm h_]_mm[ls ni chn_al[n_ nb_ CFM omcha nb_ m[gjf_^ p[fo_m i`
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A`^li\ 78 N`dlcXk\[ \mfclk`fej f] ADK n`k_ 'X( Xe[ 'Y( k_\ ADK \mfclk`fe lg kf j`o ZpZc\j ]fi Xcc d\Z_Xe`ZXc
jkiX`e iXe^\j le[\i Zfe[`k`fej f] OHA+DK Xe[ OHA+JK* i\jg\Zk`m\cp,
OXYc\ 18 ADK `eZi\d\ek g\i ZpZc\ Xk [`!\i\ek eldY\ij f] ZpZc\j le[\i [`!\i\ek cfX[`e^ Zfe[`k`fej,
Ii[^cha ]ih^cncih &CFM-_[lfs mn[a_ &CFM-b[f` fc`_ E[f` fc`_ ]s]f_
QJC-FM< &- = 1.0' 0.0275 0.0291 450
QJC-FM< &- = 0.8' 0.0194 0.0220 600
QJC-FM< &- = 0.6' 0.0117 0.0145 1000
QJC-LM< &- = 1.0' 0.0308 0.0329 200
QJC-LM< &- = 0.8' 0.0208 0.0249 200
QJC-LM< &- = 0.6' 0.0131 0.0160 300
A`^li\ /.8 Dek\^iXk\[ ADK \mfclk`fe ]ifd k_\ c`e\Xi ]leZk`fe f] ADK `eZi\d\ek g\i ZpZc\,
CFM ch]l_g_hn j_l ]s]f_ `lig nb_ _[lfs [h^ b[f`-fc`_ ]s]f_m )\s [mmogcha [ fch_[l ]b[ha_ i`
nb_ CFM ch]l_g_hn*, `il []]ol[n_ ]l[]e chcnc[ncih fc`_ jl_^c]ncih [h^ nb_m_ l_mofnm [l_ mbiqh ch
Cca. 10. Lh]_ nb_ ]lcnc][f p[fo_ i` CFM cm c^_hnc"_^, nb_h ch`ilg[ncih ch n_lgm i` nb_ hog\_l
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i` ]s]f_m ni ]l[]e chcnc[ncih ][h \_ jl_^c]n_^. >m acp_h ch Bk. )11*, /-,507 cm [ g[n_lc[f ]ihmn[hn.
Fh il^_l ni ][fc\l[n_ nbcm, cminb_lg[f `[ncao_ n_mn ^[n[ [n 600# @ [l_ om_^ [m _rj_lcg_hn[f
ch`_l_h]_ i` C@F b[m \__h l_jiln_^ ch _[lfc_l qile V33W. Qb_ _rj_lcg_hn[f ^[n[ `lig V33W [l_
jl_m_hn_^ ch Cca. 11. Qb_ cminb_lg[f mcgof[ncih [n 600# @ qcnb [ g_]b[hc][f mnl[ch l[ha_
i` 1' cm om_^ b_l_ ni ][fc\l[n_ /-,507 [h^ nbcm f_[^m ni [ ]lcnc][f CFM i` 7.1. ?[m_^ ih nbcm
p[fo_, nb_ hog\_l i` ]s]f_m ni `[ncao_ ]l[]e chcnc[ncih ][h \_ jl_^c]n_^ omcha Cca. 10 )^inn_^
fch_* [h^ nb_m_ l_mofnm [l_ mbiqh ch Cca. 11. Fn ][h \_ m__h nb[n QJM-LM cm gil_ ]lcnc][f
nb[h QJM-FM [h^ nbcm nl_h^ cm ]ihmcmn_hn qcnb nb_ _rj_lcg_hn[f ^[n[ ch Cca. 3. Kin_ [a[ch,
biq_p_l, nb[n nb_ ]s]f_m jl_m_hn_^ ch Cca. 3 [l_ ]s]f_m ni `[cfol_ hin chcnc[ncih. >m jl_m_hn_^
ch O_`. V33W [h^ ^cm]omm_^ ch [\ip_ m_]ncih, nb_ 60 p[fo_m jl_m_hn_^ `il nb_ 600
# @ FC ][m_ [l_
ch `[]n ch`_ll_^ `lig [h [h[fsnc][f Hi]em-J_]echa mi`n_hcha "n ni nb_ _rj_lcg_hn[f mi`n_hcha
]olp_m. Qb_ jichn i` ^cp_la_h]_ i` nb_ mi`n_hcha "n `lig nb_ g_[mol_^ l_mjihm_ cm n[e_h [m
nb_ chcnc[ncih hog\_l i` ]s]f_m, 60. Qb_ 10' ni 20' nl_h^ b[m \__h `ioh^, ch inb_l jo\fcmb_^
qile [h^ \s nb_ [onbilm ch O_`. V33W, ni \_ [jjfc][\f_ ni FC bcab n_gj_l[nol_ n_mn ^[n[ `il
M91. Eiq_p_l, nb_ joljim_ i` nbcm mno^s cm ni chp_mnca[n_ 60 `il QJC-LM [h^ QJC-FM n_mn
^[n[, ch ]igj[lcmih qcnb FC ^[n[, [m mbiqh ch Cca. 11. Qb_ e_s jichn i` nb_ l_mofnm ch Cca. 11
cm nb[n nb_ 60 jl_^c]n_^ `lig nb_ jl_m_hn gc]li-g_]b[hc][f @MCB gi^_f `il QJC-LM [h^
QJC-FM, mbiqm [ nl_h^ qbc]b cm ]ihmcmn_hn qcnb nb_ 6. nl_h^ i` Cca. 3, [h^, ch j[lnc]of[l,
mbiqm nb[n QJC-LM cm gil_ ^_nlcg_hn[f `il 60 [fmi. Qb_ QJC fi[^cha cm [fmi gil_ ]lcnc][f
nb[h nb_ cminb_lg[f fi[^cha j[lnc]of[lfs [n nb_ f[la_l g_]b[hc][f mnl[ch l[ha_m. >fnbioab nb_
nl_h^m ^cm]omm_^ b_l_ ch l_f[ncih ni QJC-LM [h^ QJC-FM, [m q_ff [m ]igj[l[ncp_ FC ^[n[,
[m mbiqh ch Cca. 3, [l_ q_ff ehiqh )_.a. V69, 70W*, nb_ _!_]nm i` m][nn_l ch `[ncao_ [l_ [fmi
q_ff ehiqh. Qi nbcm _h^, `olnb_l n_mncha, ni _mn[\fcmb nb_ _!_]nm i` m][nn_l ih nb_ ]ih]fomcihm
jl_m_hn_^, cm cgjiln[hn `il `onol_ qile.
A`^li\ //8 Ki\[`Zk\[ eldY\i f] ZpZc\j kf A>D ]fi OHA Xe[ DA Xe[ k_\ \og\i`d\ekXc [XkX ]fi DA,
'#'# 085 C85A=?"=5381>931< 61C97D5 9>4931C?A @1A1=5C5A 1>4 9CB @A5493C9E5 31@129<9CG
@igj[lcha qcnb iol jl_pciom qile V33W, [ h_q mnl_mm-mnl[ch-n_gj_l[nol_ \[m_^ CFM cm
^_p_fij_^ `il [mm_mmcha C@F ^olcha QJC. Fh]iljil[ncih i` nb_ n_gj_l[nol_ ^_j_h^_h]_ i`
ch]l_g_hn[f CFM, ]ihmcmn_hn qcnb QJC fi[^cha ]ih^cncihm, cm nb_ h_q [mj_]n. Kin_ nb[n nb_
_rjih_hnc[f n_lg i` mnl_mm nlc[rc[fcns ch Bk. )11* f_[^m ni [msgg_nlc] []]ogof[ncih i` CFM `il
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n_hmcih [h^ ]igjl_mmcih ]s]f_m mo]b nb[n gil_ Z`[ncao_ ^o]ncfcns( cm om_^ oj ch n_hmcf_ ]s]f_m
nb[h ]igjl_mmcp_ ]s]f_m. Qb_ n_gj_l[nol_-^_j_h^_hn ]ogof[ncp_ ]lsmn[ffial[jbc] mfcj n_lg
i` Bk. )10* l_mofnm ch ^c!_l_hn []]ogof[ncihm i` mfcj `il nb_ QJC-LM [h^ QJC-FM ][m_m, nb_
`ilg_l \_cha gil_ ^[g[acha )Cca. 11*. Qbcm cm mcgjfs ^o_ ni nb_ g_[mol_^ bcab_l ^o]ncfcns
`il bcab_l n_gj_l[nol_m `il M91 V71, 62W )][jnol_^ b_l_ pc[ nb_ % n_lg ch Bk. )10**, [h^
nb_ [mmogjncih i` nb_ m[g_ `oh]ncih[f ^_j_h^_h]_ b_l_ `il ^o]ncfcns [h^ Z`[ncao_ ^o]ncfcns(.
Cil QJC-LM, nb_ nlc[rc[fcns n_lg [h^ nb_ n_gj_l[nol_ n_lg ch nb_ jlijim_^ CFM [l_ \inb
f[la_ qb_h nb_ mnl_mm cm n_hmcf_, qb_l_[m `il QJC-FM, nb_ n_gj_l[nol_ n_lg cm fiq_l ^olcha
nb_ n_hmcih jb[m_. Qb_ n_gj_l[nol_ n_lg ch nb_ CFM ^_"hcncih )Bk. )10** cm fiq_l qb_h nb_
n_gj_l[nol_ cm bcab_l [h^ pc]_-p_lm[, ^o_ ni nb_ chp_lm_ h[nol_ i` nb_ n_gj_l[nol_ n_lg [h^
nb_ `[]n nb[n [n bcab n_gj_l[nol_m, `il _r[gjf_, nb_ ^o]ncfcns [h^ b_h]_ Z`[ncao_ ^o]ncfcns( i`
nb_ g[n_lc[f cm bcab. >fnbioab nb_ ^[n[ `il n_gj_l[nol_ ^_j_h^_h]_ i` ^o]ncfcns cm i\n[ch_^
[n nb_ g[]lim]ijc] m][f_, nb_ jl_m_hn qile [mmog_m nb[n cnm _rn_hmcih ni nb_ gc]limnlo]nol[f
f_p_f cm ][j[\f_ i` \_cha om_^ ni ko[hnc`s QJC \_b[pciol, ch j[lnc]of[l ni jl_^c]n nb_ QJC
jb[m_ _!_]n )Cca. 11*.
F^_[ffs, nb_ ][fc\l[ncih i` n_gj_l[nol_ ^_j_h^_h]_ i` ^o]ncfcns )j[l[g_n_l % ch Bk. )9**
mbiof^ \_ \[m_^ ih mchaf_ ]lsmn[f `[ncao_ ^[n[. Eiq_p_l, cn cm b[l^ ni i\n[ch \ofe mchaf_ ]lsmn[f
M91 g[n_lc[fm ^o_ ni nb_ `[\lc][ncih ^c$]ofnc_m. Colnb_lgil_, nb_ jl_m_hn qile `i]om_m ih
C@F gi^_ffcha `il QJC, qb_l_ nb_l_ cm [ f[]e i` gc]lim][f_ _rj_lcg_hn[f ^[n[. Fh nbcm m_hm_,
`olnb_l gc]lim][f_ n_mncha `il M91 mn__fm cm h__^_^. Fh _[lfc_l qile, _r-mcno _f_]nlih \[]e m][nn_l
^c!l[]ncih )B?PA V40W b[m \__h j_l`ilg_^ `il [ mg[ff-mj_]cg_h \_h^cha n_mn ni chp_mnca[n_
nb_ gc]lim][f_ ^_`ilg[ncih i` M91 mn__f [n al[ch f_p_f [h^ nb_ _rj_lcg_hn[f l_mofnm [l_ ch
aii^ ]ill_f[ncih qcnb ]lsmn[f jf[mnc]cns gi^_ffcha. Fh-mcno gc]li-n_mncha, mo]b [m nb_ ch-mcno
gc]li I[o_ ^c!l[]ncih n_mn oh^_l fiq ]s]f_ `[ncao_ \_h^cha ]ih^cncih V72W )qbc]b b[m \__h
mo]]_mm`offs cffomnl[n_^ `il ]ijj_lm*, g[s [fmi \_ l_kocl_^ ch `onol_ ni jlipc^_ gil_ chmcabn
chni oh^_lmn[h^cha `[ncao_ g_]b[hcmgm ch M91 mn__fm. Conol_ qile qcff `i]om ih ^_p_fijg_hn
i` gc]li-]l[]e jlij[a[ncih gi^_ffcha ][j[\cfcns.
'#(# 085A=?"=5381>931< 61C97D5 1BB5BB=5>C 6?A A51< 3?=@?>5>CB
>m ch^c][n_^ ch _[lfc_l qile V5W, nb_ ]igjf_r fi[^cha qbc]b gi^_lh jf[hn ]igjih_hnm [l_
mo\d_]n_^ ni l_mofnm ch nb_lg[f al[^c_hnm [h^ ofncg[n_fs QJC [n nb_ ]igjih_hn f_p_f. ?[m_^
ih [ jb_hig_hifiac][f ]ihnchoog gi^_f [h^ gofnc[rc[f `[ncao_ ]lcn_lcih, QJC fc`_ i` l_[f
jf[hn oh^_l l_[fcmnc] fi[^cha b[m \__h jl_^c]n_^ ch O_`. V5W. Qb_ jl_m_hn qile ch^c][n_m nb[n
nb_ ch#o_h]_ i` QJC ][h \_ _!_]ncp_fs jl_^c]n_^ [n nb_ gc]limnlo]nol[f f_p_f. E_h]_, [ gil_
[]]ol[n_ [mm_mmg_hn jli]_^ol_ `il QJC fc`_ i` l_[f jf[hn ]igjih_hnm g[s \_ `ilgof[n_^ \s
]ig\chcha nb_ jl_pciom gi^_f V5W [n ]igjih_hn f_p_f [h^ nb_ ]oll_hn gc]lig_]b[hc][f gi^_f ch
[ nij-^iqh g[hh_l. Qb_ chjon i` n_gj_l[nol_ [h^ g_]b[hc][f mnl[ch ni nb_ gc]lig_]b[hc][f
gi^_f ][h \_ i\n[ch_^ ^cl_]nfs `lig nb_ CB gi^_ffcha [n ]igjih_hn f_p_f. Lh nb_ inb_l
b[h^, nb_ gc]limnlo]nol[f _!_]n ih QJC fc`_ i` [ l_[f ]igjih_hn g[s [fmi \_ _r[gch_^ omcha
nbcm gi^_ffcha `l[g_qile.
/) 8^]R[dbX^]b
Qb_ e_s ]ih]fomcihm i` nbcm j[j_l [l_ [m `iffiqm;
1. Qb_ ^_nlcg_hn[f _!_]n i` nb_ ch-jb[m_ [h^ ion-i`-jb[m_ mnl[ch-n_gj_l[nol_ ]ihnliff_^
)\_nq__h 400# @ [h^ 600# @* nb_lgi-g_]b[hc][f ]s]f_m ih [ n_gj_l_^ g[ln_hmcn_ `_l-
lcnc] mn__f )M91* cm ^_gihmnl[n_^ _rj_lcg_hn[ffs, l_f[ncp_ ni cminb_lg[f `[ncao_ n_mncha [n
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400# @, 500# @ [h^ 600# @. Fh [ff ][m_m, mcahc"][hn ]s]fc] mi`n_hcha cm i\m_lp_^. Pcahc"-
][hnfs mbiln_l fcp_m [l_ i\n[ch_^ `il nb_ nb_lgi-g_]b[hc][f `[ncao_ nb[h `il cminb_lg[f
`[ncao_, qcnb ion-i`-jb[m_ acpcha nb_ mbiln_mn fcp_m.
2. > gc]lig_]b[hc][f gi^_f omcha mnl[ch-al[^c_hn ]lsmn[f jf[mnc]cns cm ^_p_fij_^ `il M91
mn__f, omcha g_[mol_^ B?PA, [h^ ][fc\l[n_^ `il _[lfs [h^ b[f`-fc`_ nb_lgi-g_]b[hc][f ]s-
]f_m pc[ cminb_lg[f `[ncao_ n_mn ^[n[ [n 400# @, 500# @ [h^ 600# @. Qb_ ihfs n_gj_l[nol_-
^_j_h^_hn j[l[g_n_lm [l_ nb_ _f[mnc] ]ihmn[hnm [h^ [ ech_g[nc] b[l^_hcha gi^ofom.
Qb_ b[f`-fc`_ ][fc\l[ncih cm []bc_p_^ \s _pifoncih )l_^o]ncih* i` chcnc[f ^cmfi][ncih ^_hmc-
ns )]ihmcmn_hn qcnb g_[mol_^ ^[n[ `lig nb_ fcn_l[nol_* [h^ ]lcnc][f l_mifp_^ mb_[l mnl_mm.
Qb_ ]s]fc] jf[mnc]cns gi^_f cm mo]]_mm`offs p[fc^[n_^ \s []]ol[n_ jl_^c]ncih i` bsmn_l_mcm
fiij mb[j_m []limm [ l[ha_ i` mnl[ch-l[ha_m, `il cminb_lg[f `[ncao_ [n 400# @, 500# @
[h^ 600# @ [h^, gil_ mj_]c"][ffs b_l_, `il \inb ch-jb[m_ [h^ ion-i`-jb[m_ nb_lgi-
g_]b[hc][f n_mnm \_nq__h 400# @ [h^ 600# @. Colnb_lgil_, gil_ ^_n[cf_^ chp_mnca[ncih
i` nb_ _!_]n i` n_gj_l[nol_ ih nb_ _pifoncih i` ^cmfi][ncih ^_hmcnc_m [m `onol_ qile
qiof^ ]f_[lfs \_ \_h_"]c[f `il cgjlip_^ oh^_lmn[h^cha i` gc]lim][f_ nb_lgi-g_]b[hc][f
`[ncao_ l_mjihm_.
3. > hip_f []]ogof[n_^ ]lsmn[ffial[jbc] mfcj `[ncao_ ch^c][nil j[l[g_n_l `il `[ncao_ ]l[]e
chcnc[ncih ch nb_lgi-g_]b[hc][f `[ncao_ cm ^_p_fij_^. Qb_ j[l[g_n_l cm [h [^[jn[ncih i`
[ nlc[rc[fcns-^_j_h^_hn j[l[g_n_l, jl_pciomfs p[fc^[n_^ `il cminb_lg[f `[ncao_ [n 600# @<
nb_ [^[jn[ncih cm nb_ chnli^o]ncih i` [ n_gj_l[nol_ n_lg, \[m_^ ih nb_ g_[mol_^ `oh]-
ncih[f ^_j_h^_h]s i` n_gj_l[nol_ ih `[cfol_ mnl[ch )gihinihc]*.
4. Qb_ h_q j[l[g_n_l jl_^c]nm nb[n ion-i`-jb[m_ nb_lgi-g_]b[hc][f `[ncao_ cm gil_ ^_nlc-
g_hn[f nb[h ch-jb[m_, qbc]b ch nolh cm gil_ ^_nlcg_hn[f nb[h cminb_lg[f, l_mj_]ncp_fs,
pcm-%[-pcm ]l[]e chcnc[ncih. Qbcm cm ]ihmcmn_hn qcnb nb_ g_[mol_^ nin[f `[ncao_ fc`_ ^[n[
`il nb_ l_mj_]ncp_ ][m_m. No[hncn[ncp_ p[fc^[ncih i` nb_ ]l[]e chcnc[ncih j[l[g_n_l b[m
\__h jl_pciomfs ^_gihmnl[n_^ `il cminb_lg[f n_mnm [n 600# @, ch`_ll_^ `lig nb_ mi`n_hcha
]olp_m. Fn b[m hin s_n \__h jimmc\f_ ni ch`_l chcnc[ncih fcp_m `lig nb_ nb_lgi-g_]b[hc][f
mi`n_hcha ]olp_m. Conol_ qile qcff [^^l_mm nbcm, pc[ nb_ ^_p_fijg_hn i` cgjlip_^ ^cmfi-
][ncih ^_hmcns _pifoncih mi`n_hcha _ko[ncihm `il nb_ gc]li-g_]b[hc][f gi^_f jl_m_hn_^
b_l_ [h^ chn_llojn_^ nb_lgi-g_]b[hc][f `[ncao_ n_mncha.
6RZ]^f[TSV\T]c
Qbcm jo\fc][ncih b[m _g[h[n_^ `lig l_m_[l]b ]ih^o]n_^ qcnb nb_ "h[h]c[f mojjiln i`
P]c_h]_ Cioh^[ncih Fl_f[h^ oh^_l al[hn hog\_l PCF/10/FK.1/F3015. Qb_ gi^_ffcha qile q[m
mojjiln_^ \s nb_ Flcmb @_hn_l `il Ecab-Bh^ @igjoncha )F@EB@*. E_fj`of ^cm]ommcihm qcnb
Al. M_n_l Qc_lh[h, Jl. ?lc[h Dif^_h [h^ Al. Uch[ Doi i` nb_ J[n_lc[fm [h^ Pol`[]_ P]c_h]_
Fhmncnon_ )JPPF* [n Rhcp_lmcns i` Icg_lc]e, Fl_f[h^, [h^ Jl. Pn_jb_h P]offs [h^ Jm. >^_fch[
>^[gm i` BP? Bh_las Fhn_lh[ncih[f, Fl_f[h^ [l_ al[n_`offs []ehiqf_^a_^.
GTUTaT]RTb
V/W HZ?fn\cc ?G* ?lee\ AK@, H`ZifjkilZkli\+j\ej`k`m\ ZfdglkXk`feXc df[\c`e^ f] ]Xk`^l\ ZiXZb ]fidXk`fe,
Dek E AXk`^l\ 0./.9108/30/r/320,
V0W NXe^`[ H?, O_\ g_pj`Zj f] ]Xk`^l\ ZiXZb `e`k`Xk`fe, Dek E AXk`^l\ 0./1935836r50,
V1W ?lee\ AK@, AXk`^l\ ZiXZb elZc\Xk`fe8 H\Z_Xe`jk`Z df[\cc`e^ XZifjj k_\ c\e^k_ jZXc\j, >lii Jg`e Nfc`[
NkXk\ HXk\i NZ` 0./29/68/5.r/57,
V2W AXiiX^_\i OK* NZlccp N* J&?fn[ IK* G\\e N,=, O_\idfd\Z_Xe`ZXc <eXcpj`j f] X Ki\jjli`q\[ K`g\ Pe[\i
KcXek >fe[`k`fej, E Ki\jj Q\j O\Z_+OiXej <NH@* 0./19/138.//0.2r7,
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V3W AXiiX^_\i OK* NZlccp N* J&?fn[ IK* G\\e N,=, ?\m\cfgd\ek f] c`]\ Xjj\jjd\ek gifZ\[li\j ]fi gfn\i
gcXek _\X[\ij fg\iXk\[ le[\i #\o`Yc\ cfX[`e^ jZ\eXi`fj, Dek E AXk`^l\* 0./192783.r4/,
V4W NXlqXp H* =i`cc\k C* Hfee\k D* Hfkkfk H* =XiZ\cf A* Aflie`\i =* K`e\Xl <, >pZc`ZXccp `e[lZ\[ jf]k\e`e^
[l\ kf cfn+Xe^c\ Yfle[Xip Xee`_`cXk`fe `e X dXik\ej`k`Z jk\\c, HXk\i NZ` @e^ < 0..392..+2./802/r2,
V5W NXlqXp H* Aflie`\i =* Hfee\k D* Hfkkfk H* K`e\Xl <, >pZc`Z jf]k\e`e^ f] dXik\ej`k`Z jk\\cj Xk _`^_
k\dg\iXkli\r\og\i`d\ekj Xe[ g_pj`ZXccp YXj\[ df[\cc`e^, HXk\i NZ` @e^ < 0..69261+26282/.r2,
V6W Aflie`\i =* ?Xcc\ A* NXlqXp H* Gfe^fli E* NXcm` H* >Xs\j >* Oflie`$\ D* B`iflo KA* F`d NC, >fdgXi`jfe
f] mXi`flj 7+/0%>i jk\\cj le[\i ]Xk`^l\ Xe[ Zi\\g+]Xk`^l\ cfX[`e^j Xk _`^_ k\dg\iXkli\* HXk\i NZ` @e^
< 0.//930684712+23,
V7W AXiiX^_\i OK* Cp[\ >E* Nle R* Cp[\ OC* J&?fn[ IK* NZlccp N* G\\e N=, C`^_ k\dg\iXkli\ cfn ZpZc\
]Xk`^l\ Y\_Xm`fli f] j\im`Z\+X^\[ K7/ dXk\i`Xc* `e8 7#! Dek\ieXk`feXc >fe]\i\eZ\ fe >i\\g Xe[ AXk`^l\ Xk
@c\mXk\[ O\dg\iXkli\j* DJH1* Gfe[fe* PF* 0./0,
V/.W Cp[\ >E* Nle R* Cp[\ OC* Mflj\ EK* AXiiX^_\i OK* G\\e N=, >pZc`Z m`jZf+gcXjk`Z`kp k\jk`e^ Xe[ df[+
\cc`e^ f] X j\im`Z\+X^\[ K7/ jk\\c* `e8 KifZ\\[`e^j f] k_\ <NH@ 0./0 Ki\jjli\ Q\jj\cj Xe[ K`g`e^ ?`m`j`fe
>fe]\i\eZ\* <NH@* Ofifekf* JekXi`f* >XeX[X* 0./0,
V//W HXp\i O* =Xcf^_ G* Nfc\ek_Xc\i >* Hlscc\i BlYc\i @* Cfc[jnfik_ NM, ?`jcfZXk`fe [\ej`kp Xe[ jlY+^iX`e j`q\
\mfclk`fe f] 0>iHfI`RQ [li`e^ cfn ZpZc\ ]Xk`^l\ Xk \c\mXk\[ k\dg\iXkli\j, <ZkX HXk\i 0./094.80263r74,
V/0W =Xii\kk M<* J&?fef^_l\ K@* G\\e N=, <e `dgifm\[ le`"\[ m`jZfgcXjk`Z Zfejk`klk`m\ df[\c ]fi jkiX`e+iXk\
j\ej`k`m`kp `e _`^_ k\dg\iXkli\ ]Xk`^l\, Dek E AXk`^l\ 0./19268/70r0.2,
V/1W =Xii\kk M<* AXiiX^_\i OK* J&?fn[ IK* J&?fef^_l\ K@* G\\e N=, Hlck`Xo`Xc ZpZc`Z m`jZfgcXjk`Z`kp df[\c
]fi _`^_ k\dg\iXkli\ ]Xk`^l\ f] K7/ jk\\c, HXk\i NZ` O\Z_ 0./291.'/(845r52,
V/2W =Xii\kk M<* AXiiX^_\i OK* Cp[\ >E* J&?fn[ IK* J&?fef^_l\ K@* G\\e N=, < le`"\[ m`jZfgcXjk`Z
df[\c ]fi _`^_ k\dg\iXkli\ cfn ZpZc\ ]Xk`^l\ f] j\im`Z\+X^\[ K7/ jk\\c, E Ki\jj Q\j O\Z_rOiXej <NH@
0./29/148.02/.0,
V/3W Cl S* ClXe^ G* TXe R* RXe^ R* N_X R* N_Xe T* TXe^ F, Gfn ZpZc\ ]Xk`^l\ gifg\ik`\j f] >G<H jk\\c
Xk 601 F, HXk\i NZ` @e^ < 0./294/182.2r/1,
V/4W AXiiX^_\i OK, O_\idfd\Z_Xe`ZXc <eXcpj`j f] K7/ Kfn\i KcXek >fdgfe\ekj, K_? O_\j`j* H\Z_Xe`ZXc
@e^`e\\i`e^* IPD BXcnXp* Di\cXe[* 0./2,
V/5W NXX[ <<* Cp[\ >E* Nle R* Cp[\ OC, O_\idXc+d\Z_Xe`ZXc ]Xk`^l\ j`dlcXk`fe f] X K7/ jk\\c `e X k\d+
g\iXkli\ iXe^\ f] 2.. ! 4.." >* HXk\i C`^_ O\dg 0.//90680/0+6,
V/6W HXefelblc <* ?lee\ AK@, C`^_ Xe[ cfnZpZc\ ]Xk`^l\ ZiXZb `e`k`Xk`fe lj`e^ gfcpZipjkXc gcXjk`Z`kp, KifZ
MfpXc NfZ Gfe[ 0..2924.8/66/r7.1,
V/7W A`e[c\p FJ* NXo\eX <, Gfn ZpZc\ ]Xk`^l\ `e i\e\ 66?O Xk 43." >8 >iXZb elZc\Xk`fe d\Z_Xe`jdj Xe[
df[\c`e^, H\kXcc HXk\i OiXej < 0..49158/247r53,
V0.W ?lee\ AK@* R`cb`ejfe <E* <cc\e M, @og\i`d\ekXc Xe[ ZfdglkXk`feXc jkl[`\j f] cfn ZpZc\ ]Xk`^l\ ZiXZb
elZc\Xk`fe `e X gfcpZipjkXc, Dek E KcXjk 0..59018051r73,
V0/W Ffijlejbp <H* ?`e` ?* ?lee\ AK@* RXcj_ HE, >fdgXiXk`m\ Xjj\jjd\ek f] [`jj`gXk\[ \e\i^p Xe[ fk_\i
]Xk`^l\ Zi`k\i`X, Dek E AXk`^l\ 0..59078/77.r3,
V00W HZ?fn\cc ?G, N`dlcXk`fe+YXj\[ jkiXk\^`\j ]fi d`ZifjkilZkli\+j\ej`k`m\ ]Xk`^l\ df[\c`e^, HXk\i NZ` @e^
< 0..59246r25.82r/2,
V01W N_\efp H* Oa`gkfn`[afaf T* HZ?fn\cc ?, H`ZifjkilZkli\+j\ej`k`m\ df[\c`e^ f] gfcpZipjkXcc`e\ DI /..,
Dek E KcXjk 0..69028/472r51.,
V02W HZ?fn\cc ?G, H`ZifjkilZkli\+j\ej`k`m\ df[\c`e^ Xe[ j`dlcXk`fe f] ]Xk`^l\, De8 <NH _Xe[Yffb fe df[+
\c`e^ Xe[ j`dlcXk`fe8 gifZ\jj`e^ f] d\kXcc`Z dXk\i`Xcj 0..7900<82.6r2/6,
V03W KiqpYpcX >K* HZ?fn\cc ?G, H`ZifjkilZkli\+j\ej`k`m\ \oki\d\ mXcl\ gifYXY`c`k`\j ]fi _`^_ ZpZc\ ]Xk`^l\
f] I`+YXj\ jlg\iXccfp DI/.., Dek E KcXjk 0./.9048150r72,
V04W <eX_`[ H* NXdXc HF* B_fj_ N, ?n\cc ]Xk`^l\ ZiXZb elZc\Xk`fe df[\c YXj\[ fe lj`e^ ZipjkXc gcXjk`Z`kp
"e`k\ \c\d\ek j`dlcXk`fej f] gfcpZipjkXcc`e\ O`kXe`ld Xccfpj, E H\Z_ K_pj Nfc`[j 0.//93780/35r54,
V05W KiqpYpcX >K* HZ?fn\cc ?G, N`dlcXk\[ d`ZifjkilZkli\+j\ej`k`m\ \oki\d\ mXcl\ gifYXY`c`k`\j ]fi _`^_ ZpZc\
]Xk`^l\ f] [lgc\o O`+4<c+2Q, Dek E KcXjk 0.//9058/65/r73,
V06W <eX_`[ H* B_fj_ N, Cfdf^\e`q\[ Zfejk`klk`m\ Xe[ ]Xk`^l\ elZc\Xk`fe df[\cj ]ifd ZipjkXc gcXjk`Z`kp A@
j`dlcXk`fej f] O` Xccfpj* KXik 08 HXZifjZfg`Z gifYXY`c`jk`Z ZiXZb elZc\Xk`fe df[\c, Dek E KcXjk 0./19268///r
02,
V07W B_fj_ N* <eX_`[ H, Cfdf^\e`q\[ Zfejk`klk`m\ Xe[ ]Xk`^l\ elZc\Xk`fe df[\cj ]ifd ZipjkXc gcXjk`Z`kp A@
j`dlcXk`fej f] O` Xccfpj* KXik /8 HXZifjZfg`Z Xe`jfkifg`Z p`\c[ ]leZk`fe, Dek E KcXjk 0./19258/60r0./,
V1.W HZ>Xik_p JE* HZBXiip EK* G\\e N=, H`ZifjkilZkli\+j\ej`k`m\ gi\[`Zk`fe Xe[ \og\i`d\ekXc mXc`[Xk`fe f]
]i\kk`e^ ]Xk`^l\, R\Xi 0./191.38/..r/2,
V1/W Nn\\e\p ><* Qfijk\i R* G\\e N=* NXbliX[X @* HZCl^_ K@* ?lee\ AK@, O_\ ifc\ f] \cXjk`Z Xe`jfkifgp*
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c\e^k_ jZXc\ Xe[ ZipjkXccf^iXg_`Z jc`g `e ]Xk`^l\ ZiXZb elZc\Xk`fe, E H\Z_ K_pj Nfc`[j 0./194/8/002+2.,
V10W Nn\\e\p ><* J&=i`\e =* ?lee\ AK@* HZCl^_ K@* G\\e N=, NkiX`e+^iX[`\ek df[\cc`e^ f] ^iX`e j`q\
\!\Zkj fe ]Xk`^l\ f] >f>i Xccfp, <ZkX HXk\i 0./2956812/r31,
V11W G` ?A* =Xii\kk M<* J?fn[ IK* J?fef^_l\ K@* G\\e N=, < dlck`+jZXc\ ZipjkXc gcXjk`Z`kp df[\c ]fi ZpZc`Z
gcXjk`Z`kp Xe[ cfn+ZpZc\ ]Xk`^l\ `e K7/ jk\\c Xk \c\mXk\[ k\dg\iXkli\, 0./39 NlYd`kk\[ ]fi glYc`ZXk`fe,
V12W KXkiX <* HZ?fn\cc ?G, >ipjkXc gcXjk`Z`kp+YXj\[ Zfejk`klk`m\ df[\c`e^ f] `iiX[`Xk\[ YZZ jkilZkli\j, K_`cfj
HX^ 0./0970'5(864/r65,
V13W B_Xjj\d`+<idXb` C* >_\e K* =_Xk N* NX[X^fgXe N* FldXi N* =fn\i <, H`ZifjZXc\+ZXc`YiXk\[ df[\c`e^
f] k_\ [\]fidXk`fe i\jgfej\ f] cfn+ZXiYfe dXik\ej`k\, <ZkX HXk\i 0./194/8142.r30,
V14W G` ?A* Bfc[\e =E* J&?fn[ IK, Hf[\cc`e^ f] d`Zif+gcXjk`Z`kp \mfclk`fe `e ZipjkXcc`e\ dXk\i`Xcj, KifZ\\[+
`e^j f] 0./1 <NH@ Ki\jjli\ Q\jj\cj Xe[ K`g`e^ ?`m`j`fe >fe]\i\eZ\* Elcp 0./1* KXi`j* AiXeZ\,
V15W N_Xek_iXa K* U`bip H<, H`ZifjkilZkliXccp `e[lZ\[ ]iXZkli\ elZc\Xk`fe Xe[ gifgX^Xk`fe `e dXik\ej`k`Z
jk\\cj, E H\Z_ K_pj Nfc`[j 0./194/8/.7/r/.3,
V16W Bfc[\e =E* G` ?A* J&?fn[ IK* O`\ieXe K, H`ZifjkilZkliXc df[\c`e^ f] K7/ dXik\ej`k`Z jk\\c le[\i
le`Xo`Xc cfX[`e^ Zfe[`k`fej, E Ki\jj Q\j O\Z_rOiXej <NH@ 0./29/148.0/2.2,
V17W G` ?A* Bfc[\e =E* J&?fn[ IK, Hlck`jZXc\ df[\cc`e^ f] d\Z_Xe`ZXc i\jgfej\ `e X dXik\ej`k`Z jk\\c8 < d`+
Zifd\Z_Xe`ZXc Xe[ c\e^k_+jZXc\+[\g\e[\ek ]iXd\nfib ]fi gi\Z`g`kXk\ _Xi[\e`e^, <ZkX HXk\i 0./296.8223r
34,
V2.W Bfc[\e =E* G` ?A* Blf TI* O`\ieXe K* G\\e N=* J&?fn[ IK, H`ZifjZXc\ [\]fidXk`fe f] X k\dg\i\[
dXik\ej`k\ ]\ii`k`Z jk\\c8 Hf[\cc`e^ Xe[ \og\i`d\ekXc jkl[p f] ^iX`e Xe[ jlY+^iX`e `ek\iXZk`fej, E H\Z_
K_pj Nfc`[j 0./4964820r30,
V2/W =Xii\kk M<, @og\i`d\ekXc >_XiXZk\i`jXk`fe Xe[ >fdglkXk`feXc >fejk`klk`m\ Hf[\cc`e^ f] C`^_ O\dg\i+
Xkli\ ?\^iX[Xk`fe `e 7>i Nk\\cj DeZcl[`e^ H`ZifjkilZkliXc @!\Zkj, K_? O_\j`j* H\Z_Xe`ZXc @e^`e\\i`e^*
IPD BXcnXp* Di\cXe[* 0./4,
V20W G` ?A* J&?fn[ IK* Je k_\ \mfclk`fe f] cXkk`Z\ [\]fidXk`fe `e Xljk\e`k`Z jkX`ec\jj jk\\cjrO_\ ifc\ f] nfib
_Xi[\e`e^ Xk "e`k\ jkiX`ej, E H\Z_ K_pj Nfc`[j 0.//9378020/r2/,
V21W =ljjf @K* HZ>c`ekfZb A<, < [`jcfZXk`fe d\Z_Xe`Zj+YXj\[ ZipjkXccf^iXg_`Z df[\c f] X =0+kpg\ `ek\id\kXc+
c`Z Xccfp, Dek E KcXjk /7749/0'/(8/r06,
V22W <idjkife^ KE* Ai\[\i`Zb >J, < HXk_\dXk`ZXc M\gi\j\ekXk`fe f] k_\ Hlck`Xo`Xc =XljZ_`e^\i @!\Zk*
>@B= M\gfik* M?-=-I51/* =\ib\c\p IlZc\Xi GXYfiXkfi`\j* /744,
V23W =ljjf @K, >pZc`Z [\]fidXk`fe f] dfefZipjkXcc`e\ e`Zb\c Xccld`e[`[\ Xe[ _`^_ k\dg\iXkli\ ZfXk`e^j, K_?
k_\j`j* ?\gXikd\ek f] H\Z_Xe`ZXc @e^`e\\i`e^* HXjjXZ_lj\kkj Dejk`klk\ f] O\Z_efcf^p* PN<* /77.,
V24W G` ?A* ?Xm`\j >H* U_Xe^ NT* ?`Zb`ejfe >* J&?fn[ IK, O_\ \!\Zk f] gi`fi [\]fidXk`fe fe jlYj\hl\ek
d`ZifgcXjk`Z`kp Xe[ [XdX^\ \mfclk`fe `e Xe Xljk\e`k`Z jkX`ec\jj jk\\c Xk \c\mXk\[ k\dg\iXkli\, <ZkX HXk\i
0./194/81353r62,
V25W AiXeZ`fj` K* =\im\`cc\i H* UXfl` <, GXk\ek _Xi[\e`e^ `e Zfgg\i Xe[ Xcld`e`ld j`^c\ ZipjkXcj, <ZkX H\kXcc
/76.906'1(8051r61,
V26W HX <* Mfk\ij A* MXXY\ ?, < [`jcfZXk`fe [\ej`kp YXj\[ Zfejk`klk`m\ df[\c ]fi ZipjkXc gcXjk`Z`kp A@H
`eZcl[`e^ ^\fd\ki`ZXccp e\Z\jjXip [`jcfZXk`fej, <ZkX HXk\i 0..493280/47r57,
V27W >_\fe^ FN* =ljjf @K, ?`jZi\k\ [`jcfZXk`fe [\ej`kp df[\cc`e^ f] j`e^c\ ZipjkXc ]ZZ gfcpZipjkXcj, <ZkX
HXk\i 0..293083443r53,
V3.W >_\fe^ FN* =ljjf @K, @!\Zkj f] cXkk`Z\ d`jfi`\ekXk`fej fe jkiX`e _\k\if^\e\`k`\j `e ]ZZ gfcpZipjkXcj, E
H\Z_ K_pj Nfc`[j 0..4932845/r67,
V3/W M\YjkfZb C, FfdY`e`\ik\ ql^+le[ kfij`fejm\i]fidle^ mfe blgY]\i+\`ebi`jkXccif_\e, U H\kXccb
/73592680.4r0.,
V30W HX[\i N, @c\bkifed`bifjbfg`jZ_\ lek\ijlZ_le^ [\i ^c\`kc`e`\eY`c[le^ Xl] blg]\i\`ebi`jkXcc\e, U K_pj
/7359/27851r/.0,
V31W Hl^_iXY` C, >pZc`Z jc`g `ii\m\ij`Y`c`kp Xe[ ]Xk`^l\ c`]\8 < d`ZifjkilZkli\+YXj\[ XeXcpj`j, <ZkX HXk\i
0./194/8//75r0.1,
V32W <=<LPN Q4,//* C`YY`kk* FXicjjfe Xe[ Nfi\ej\e DeZ,* Kifm`[\eZ\* MD* PN<* 0.//,
V33W H`pX_XiX H* \k Xc, KifZ\\[`e^ f] k_\ 1/jk Npdgfj`ld fe Nki\e^k_ f] HXk\i`Xcj Xk C`^_ O\dg\iXkli\
3.+32* `e EXgXe\j\* /771,
V34W IfeXbX* D,* \k Xc, M\Z\ek k\Z_e`hl\j ]fi i\j`[lXc c`]\ Xjj\jjd\ek f] X^\[ ]fjj`c gfn\i gcXek dXk\i`Xcj, DCD
E /774914'2(* `e EXgXe\j\,
V35W JbXdliX C* J_kXe` M* NX`kf F* F`dliX F* Dj_`` M* Ala`pXdX F* Cfe^f N* Dj\b` O* PZ_`[X C, =Xj`Z
`em\jk`^Xk`fe ]fi c`]\ Xjj\jjd\ek k\Z_efcf^p f] df[`"\[ 7>i+/Hf jk\\c, IlZc @e^ ?\j /7779/718021r32,
V36W Nn\\e\p ><* J=i`\e =* ?lee\ AK@* HZCl^_ K@* G\\e N=, H`Zif+jZXc\ k\jk`e^ Xe[ d`Zifd\Z_Xe`ZXc
df[\cc`e^ ]fi _`^_ ZpZc\ ]Xk`^l\ f] >f>i jk\ek dXk\i`Xc, E H\Z_ =\_Xm =`fd\[ HXk\i 0./39248022r4.,
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V37W FlnXdliX C, OiXejk`fe Y\kn\\e ]Xk`^l\ Xe[ [lZk`c\ ]iXZkli\ `e jk\\c, E NkilZk @e^ /7759/01'5(8642+5.,
V4.W Mfj`\e AE* Jjk\ikX^ >K, Gfn ZpZc\ ]Xk`^l\ Y\_Xm`fli f] ZfejkiX`ek Zfee\Zk`fej, HXk\i NkilZk 0..79208/4/+
5.,
V4/W F`iXe M* F_Xe[\cnXc F, < d`Zifd\Z_Xe`ZXc ZpZc`Z mf`[ ^ifnk_ df[\c ]fi lckiX+cfn ZpZc\ ]Xk`^l\, Dek E
AXk`^l\ 0./395.802r15,
V40W Bfc[\e =E* G` ?A* O`\ieXe K* NZlccp N* J?fn[ IK, ?\]fidXk`fe Z_XiXZk\i`jk`Zj f] X _`^_+Z_ifd`ld*
gfn\i gcXek jk\\c Xk \c\mXk\[ k\dg\iXkli\j, 0./49NlYd`kk\[ ]fi glYc`ZXk`fe,
V41W G` ?A* Bfc[\e =E* U_Xe^ NT* ?Xmp[fm Q* O`\ieXe K* J&?fn[ IK, O_\ ifc\ f] gcXjk`Z`kp `e k_\ kiXejm\ij\
cXkk`Z\ jkiX`e \mfclk`fe f] X dXik\ej`k`Z jk\\c, H\kXcc HXk\i OiXej < 0./2923<83607r11,
V42W G` ?A* Bfc[\e =E* U_Xe^ NT* J&?fn[ IK, De+j`kl cXkk`Z\ jkiX`e \mfclk`fe f] X K7/ jk\\c Yp d\Xej f]
e\lkife [`!iXZk`fe Xe[ ZipjkXc gcXjk`Z`kp df[\cc`e^, 0./39HXeljZi`gk `e gi\gXiXk`fe,
V43W Cp[\ >E* Nle R* G\\e N=, >pZc`Z k_\idf+d\Z_Xe`ZXc dXk\i`Xc df[\cc`e^ Xe[ k\jk`e^ f] 1/4 jkX`ec\jj
jk\\c, Dek E Ki\j Q\j K`g 0./.9658143r50,
V44W B`iflo KA, @og\i`d\ekXc jkl[p Xe[ j`dlcXk`fe f] ZpZc`Z jf]k\e`e^ f] k\dg\i\[ dXik\ej`k\ ]\ii`k`Z jk\\cj,
K_,?, k_\j`j* c&@Zfc\ IXk`feXc\ Nlg\i`\li\ [\j H`e\j [\ KXi`j '0.//(
V45W JifnXe @, Npdgfj`ld fe `ek\ieXc jki\jj\j, De8 H\kXcj Xe[ Xccfpj, Gfe[fe8 Dejk`klk\ f] H\kXcj9 /726,
V46W =Xii\kk M<* J&?fef^_l\ K@* G\\e N=, < [`jcfZXk`fe+YXj\[ df[\c ]fi _`^_ k\dg\iXkli\ ZpZc`Z m`jZfgcXj+
k`Z`kp f] 7+/0>i jk\\cj, >fdg HXk\i NZ` 0./29708064r75,
V47W ClXe^ UR* RXe^ UB* U_l NE* TlXe AC* RXe^ AB, O_\idfd\Z_Xe`ZXc ]Xk`^l\ Y\_Xm`fi Xe[ c`]\ gi\[`Z+
k`fe f] X ZXjk e`Zb\c+YXj\[ jlg\iXccfp, HXk\i NZ` @e^ < 0..4921081.6r/4,
V5.W >_\e R* ?l[bX <* >_\e C* Hlb_\ia` ?* RX_` MK* R\m\i C, De8 =i\jj\ij E* M\dp G* Nk\\e H* QXcc\j
EG* \[`kfij, KifZ\[`e^j f] X jpdgfj`ld fe ]Xk`^l\ le[\i k_\idXc Xe[ d\Z_Xe`ZXc cfX[`e^8 H\Z_Xe`jd+
j* d\Z_Xe`j Xe[ df[\cc`e^* K\kk\e* HXp 00+02* /773, O_\ I\k_\icXe[j8 Fcln\i <ZX[\d`Z KlYc`j_\ij9
/7749g,875r/.0,
V5/W RXe^ G* G` H* <cd\i E* De j`kl Z_XiXZk\i`qXk`fe f] BiX[\ 70 jk\\c [li`e^ k\ej`c\ [\]fidXk`fe lj`e^
ZfeZlii\ek _`^_ \e\i^p S+iXp [`!iXZk`fe Xe[ jdXcc Xe^c\ S+iXp jZXkk\i`e^, <ZkX HXk\i 0./1922.86/r7.,
V50W F`iZ_c\Z_e\i >* Ddi`Z_ KE* G`\^c R* KsfieYXZ_\i E* H`Z_X EN* Pci`Z_ J* Hfkq >, Je k_\ i\m\ij`Y`c`kp f]
[`jcfZXk`fe jc`g [li`e^ jdXcc jZXc\ cfn ZpZc\ ]Xk`^l\, <ZkX HXk\i 0./3972847r55,
19
